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DIRECTOR,  MENTAL  HEALTH  INTRAMURAL  RESEARCH  PROGRAM 

NATIONAL  INSTITUTE  OF  MENTAL  HEALTH 

July  1,  1975  -  June  30,  1976 

John  C.  Eberhart,  Ph.D. 


At  the  end  of  this  15-month  fiscal  year — it  ran  from  July  1,  1975  to 
September  30,  1976 — I  had  hoped  to  be  able  to  make  seme  assessment  of  a 
prediction  I  made  in  this  space  a  year  ago,  but  I  find  that  the  time  has  been 
too  short.   I  expressed  the  hope  then  that  the  year  ending  June  30,  1975, 
would  eventually  be  regarded  as  the  beginning  of  a  new  era  at  the  ^1IH-NIMH, 
because  new  able  leaders  had  been  appointed  to  head  ADAMHA  (James  Isbister) « 
NIH  (Donald  Fredrickson) ,  and  the  Public  Health  Service  (Theodore  Cooper) , 
after  a  number  of  years  of  instability  and  uncertain  leadership.   It  is  tpo 
early  to  say  that  I  was  right;  there  is  as  yet  no  indication  that  I  was  wrong. 
I  remain  hopeful  that  the  signs  of  progress  we  have  seen  this  past  year  ar^ 
real  portents  of  things  to  come.   A  rebuilding  is  underway  at  NIH,  of  struc-" 
tures  (the  Ambulatory  Care  Research  Facility  and  others) ,  of  staffs  in 
several  Institutes  and  Divisions  and  in  the  Office  of  the  Director,  and  in 
the  distribution  of  power  (more  authority  to  the  Medical  Board,  for  exaii\ple) . 
The  NIMH  has  changed  less,  though  the  possibility  of  changes  affecting 
research  was  explored  at  some  length  by  the  President's  Biomedical  Research 
Panel,  about  which  I  will  comment  later. 

Perhaps  in  five  years  the  then  Director  of  Intramural  Research,  if  he  i,s 
interested  in  the  life  history  of  institutions,  can  look  back  and  see  whether 
the  new  leaders  were  as  effective  as  I  thought  they  would  be,  and  if  ,they 
were  permitted  by  political  conditions  to  advance  their  programs  as  I  hoped 
they  would. 

As  usual,  this  year  I  shall  not  try  to  summarize  the  scientific  work  of  our 
laboratories  in  this  space.   The  Laboratory  Chiefs'  summaries,  vrtiich  follow, 
present  a  good  account  of  the  many  contributions  which  have  come  from  the 
bench,  the  clinic,  and  the  community  as  studied  by  scientists  from  our  three 
Divisions  and  fifteen  Laboratories. 

An  event  of  some  importance  this  past  year  was  the  deliberations  of  the 
President's  Biomedical  Research  Panel,  culminating  in  a  report  to  the 
President  and  Congress  on  April  30,  1976.   I  want  to  make  some  comments  about 
it  and  also  about  a  report  of  the  Comptroller  General  of  the  United  States  to 
Congress  entitled,  "Better  Controls  Needed  Over  Biomedical  Research  Supported 
by  the  National  Institutes  of  Health,"  dated  July  22,  1976.   I  will  take  up 
the  latter  first. 

The  GAO  Report 

The  General  Accounting  Office  report  is  based  on  a  study  of  three  NIH  Insti- 
tutes (NIAID,  NIEHS,  and  NICHD)  ,  cind  deals  with  both  extramural  and  intra- 
mural research.   It  was  carried  out,  says  the  report,  "because  of  the  large 


amount  of  money  being  spent  for  biomedical  research" — which  totaled,  according 
to  the  report,  about  $2  billion  in  fiscal  year  1974.   The  report  describes     j^ 
changes  which  the  GAO  believes  should  be  made  by  the  NIH  "to  improve  the       ^ 
quality  of  the  biomedical  research  projects  it  supports."   Though  the  NIMH  was 
not  studied  and  neither  it  nor  ADAMHA  is  mentioned  in  the  report,  it  is  clear 
that  conclusions  or  findings  about  research  in  the  NIH  apply  equally  well  to 
the  NIMH. 

I  should  point  out  that  the  GAO  study,  in  contrast  to  the  report  of  the 
President's  Biomedical  Research  Panel,  was  not  designed,  or  staffed,  to  carry  (M 
out  a  comprehensive  review  and  evaluation  of  these  research  programs.   It  was   " 
directed  rather  narrowly  at  review  procedures  and  the  uses  to  be  made  of  them. 
It  needs  to  be  discussed,  therefore,  as  a  critique  of  procedures. 

The  bulk  of  the  report  deals  with  the  research  grants  program,  which  is  not 
gerinane  here.   The  6  pages  (of  33)  v^ich  discuss  the  intramural  program  are 
the  focus  of  my  present  concern.   They  end  up  with  the  following  recommenda- 
tions : 

"We  recommend  that  the  Secretary,  HEW,  instruct  the  Director,  NIH,  to 
require  that  written  plans  for  all  intramural  research  be  reviewed  and 
approved  by  peer  review  groups  before  research  projects  are  initiated 
and  that  reviews  be  made  by  boards  of  scientific  counselors  on  all 
ongoing  research  projects." 

Thus  we  are  back  to  the  discussions  in  my  last  two  annual  reports  on  the 
problems  and  issues  surrounding  the  review  and  evaluation  of  intramural 
research.   A  year  ago  I  dealt  at  length  with  the  subject  in  reporting  on  the   iM 
March  1975  meeting  of  our  Board  of  Scientific  Counselors  which  was  devoted  in 
part  to  these  problems.   In  a  paper  prepared  for  that  meeting,  and  in  my 
annual  report,  I  considered  how  the  intramural  program  ought  to  be  reviewed 
and  evaluated,  not  questioning  that  it  should  be.   One  of  the  options  I 
discussed  was  to  "duplicate  in  the  Intramural  Program  the  review  system  used 
in  the  research  grants  program,"  and  I  commented  on  that  possibility  as 
follows: 

"I  mention  this  only  to  discard  it,  since  I  think  it  entirely  impracti- 
cal.  It  would  mean  that  all  intramural  research  'projects'  would  have 
to  be  reviewed  in  advance  by  panels  of  outside  experts.   It  would  be 
impossible,  and  I  think  wrong  even  if  possible,  to  get  enough  interested 
and  competent  outsiders  to  review  all  of  the  projects  of  a  full-time 
staff  the  size  of  ours,  let  alone  the  size  of  NIH's.   Furthermore  it 
would,  I  think,  be  impossible  to  administer  a  research  prograir.  like  ours 
if  decisions  on  support  had  to  be  made  by  outside  panels.   Tha  resources 
we  deal  with  are  budgeted  positions,  space,  and  money.   They  cannot  be 
awarded  and  withheld  with  the  flexible  abandon  of  dollars  in  research     ■ 
grants,  nor  can  decisions  on  projects  be  made  without  regard  for  the 
impact  of  those  decisions  on  the  careers  of  the  scientists  in  a  full-time, 
largely  tenured  seirvice.   Finally,  and  most  important,  a  pre-review  of 
'projects'  would  so  change  the  intramural  program  that  it  could  no  longer 
provide  scientists  with  what  is  the  unique  virtue  of  intramural  research 
— the  opportunity  for  real  continuity  of  effort  over  time." 


In  its  final  report  the  GAO  does  not  press  for  the  use  of  outside  review 
groups  and  suggests  that  members  of  the  NIH  intramural  staff  could  compose 
such  groups.   That  eases  one  of  the  logistical  problems  in  such  a  scheme,  but 
the  real  objections  to  the  proposal  still  exist.   To  state  those  most 
succinctly  it  is  necessary  to  fill  in  a  little  background. 

1.  A  considerable  portion  of  intramural  research  is  already  reviewed  by 
committee  prior  to  its  start.   Such  review  of  written  protocols  is  required 
for  all  research  using  human  subjects,  as  a  form  of  protection  for  such  sub- 
jects.  There  is  no  evidence  that  such  review  at  NIH-NIMH  either  increases 
the  protection  of  subjects  or  improves  research  quality,  but  regulations 
nevertheless  now  require  it. 

2.  Peer  review  of  written  applications  in  the  extramural  program  was  started 
as  an  equitable  way  of  deciding  on  the  distribution  of  funds  among  multiple 
applicants  for  research  grants.   Anyone,  regardless  of  qualifications,  may 
apply  for  a  research  grant;  all  applications  must  be  reviewed;  many  applicants 
are  unknown  to  extramural  staff  and  study  groups;  and  the  written  protocol  is 
often  the  only  information  available  about  the  applicant.   Since  the  granting 
agency  cannot  insure  research  quality  by  providing  continuing  expert  supervi- 
sion of  research  grantees  all  over  the  United  States  (and  should  not  do  so 
even  if  it  could) ,  the  only  recourse  for  prudent  and  efficient  support  of 
research  by  non-employees  at  a  distance  is  to  provide  careful  review  of  all 
evidences  of  research  competence  prior  to  awarding  a  grant. 

3.  The  intramural  investigator,  in  contrast  to  the  extramural  applicant,  is 
a  full-time  professional  scientist,  carefully  selected  for  his  job,  and  work- 
ing in  a  context  of  other  scientists  in  the  same  and  related  disciplines, 
under  the  supervision  of  scientific  leaders  chosen  to  administer  research 

■programs.   In  its  reply  to  the  GAO  recommendations  (printed  as  an  appendix  to 
the  GAO  report)  the  NIH  has  well  described  the  intramural  scientist — how  he  is 
selected,  supervised,  reviewed,  and  promoted,  and  the  continuing  review  and 
evaluation  system  under  which  he  works. 

The  key  GAO  proposal  is  that  there  must  be  formal  pre-review  of  all  written 
protocols  before  any  intramural  research  is  started.   I  want  to  summarize  my 
own  objections  to  th^t,  as  a  supplement  to  my  comments  of  last  year  and  to  the 
NIH  reply,  with  which  I  fully  agree. 

1.   I  object  first  because  the  pre-review,  under  the  conditions  governing  NIH 
intramural  research,  would  be  useless.   It  would  not  improve  research  quality, 
cind  the  scientists  know  that  it  would  not  do  that,  and  we  would  therefore  be 
requiring  of  them  the  preparation  of  otherwise  unnecessary  protocols  and  the 
participation  in  a  process  that  produces  no  tangible  benefits  either  for  them 
or  for  science.   So  much  of  routine  Government  administration  involves  required, 
and  often  useless,  paper  work  that  it  has  become  a  caricature  of  bureaucracy. 
Intramural  scientists  have  been  kept  fairly  free  of  that.   It  is  our  loss  if  we 
make  bureaucrats  of  our  scientists,  and  we  must  resist  eveiry  step  that  would 
add  routine  or  ritual  procedures  to  their  tasks.   They  are  unique  public  ser- 
vants upon  whcm  we  depend  for  creative  solutions  to  important  problems.   We 
cannot  afford  to  deaden  that  effort  with  pointless  desk  work. 


2.  I  object  further  because  pre-review  would  constitute  a  deceptive,  and 
hence,  false  reassurance  about  research  quality,  persuasive  only  to  those  who  ,^ 
know  nothing  about  research.   In  another  place*  I  have  argued  that  the  real 
assurance  of  research  quality  is  in  the  care  and  wisdom  exercised  in  the 
selection,  supervision,  and  career  management  of  scientists,  and  not  in  the 
review  of  written  protocols.   The  GAO  believes  it  has  evidence  that  a  few 
"projects"  in  the  intramural  programs  of  the  three  institutes  it  studied 
either  were  of  low  relevance  to  the  institute  missions  or  of  inadequate 
research  design.   I  have  no  doubt  they  are  right.   To  eliminate  this  flaw  in 

an  otherwise  good  program  they  propose,  not  better  or  more  careful  supervisioir^ 
or  better  supervisors,  but  a  device:  examine  in  detail  and  in  advance  all 
intramural  projects,  and  throw  out  or  re-do  those  not  passing  inspection. 
Superficially  the  logic  is  good,  though  overly  simple  and  unrealistic.   In  fact 
the  doing  of  research  and  the  conduct  of  a  research  program  are  complex  and 
sv±>tle  affairs,  and  no  such  device  should  be  adopted  unless  it  will  in  the 
long  run  really  result  in  improved  research.   There  is  no  evidence  that  thi^ 
device  will  do  that,  and  much  evidence  that  it  won't. 

3.  Again,  pre-review  would  distort  the  research  process  in  undesirable  ways, 
as  I've  no  doubt  it  distorts  the  research  activities  of  extramural  appliqa^nts 
and  grantees.   I  can  think  of  no  other  solution  for  them  because  of  the  need 
for  pre-review  in  making  decisions  about  grants,  but  that  necessity  does  not 
hold  for  intramural  scientists.   The  distortion  comes  in  the  conception  of 
"project."   Some  research,  such  as  a  5-year  longitudinal  study  of  child  deVj^J-PP" 
ment,  or  an  interview  survey  of  a  national  sample  of  3,000  employed  males,  OF 

a  clinical  evaluation  of  a  treatment  mode  using  100  experimental  siibjecta  and 
100  controls,  falls  naturally  into  "project"  form  and  can  be,  and  often  is, 
written  up  and  looked  at  in  advance  even  if  regulations  did  not  require  this.  ^ 
Each  such  "project"  is  a  significant  enough  chunk  of  research  to  warrant  care- 
ful study,  and  modest  delay  waiting  for  review  can  often  be  managed  without 
undue  frustration.   All  the  above  projects,  of  course,  are  already  reviewed 
prior  to  initiation  in  our  programs  because  they  all  use  human  subjects . 

Much  biological  and  chemical  research,  on  the  other  hand,  can  be  conceived 
of  in  both  larger  and  smaller  chunks.   The  unraveling  of  the  DNA  molecule  couid 
be  thought  of  as  a  "project"  requiring  many  years,  involving  innumerable 
"experiments"  (or  smaller  projects) ,  some  of  v^ich  could  be  done  in  a  morning* 
or  a  week,  but  all  needing  to  be  done  immediately  that  the  possibility  was  seen. 
Pre-review  of  the  long,  large  "career"  project  would  be  essentially  meaningless, 
except  as  an  evaluation  of  the  character  and  competence  of  the  scientist,  and 
pre-review  of  the  short,  quick  "experiments"  would  be  impossible  on  a  schedule 
which  did  not  seriously  interfere  with  the  research.   If  pre-review  were  to  be 
required,  the  biochemist  would  have  no  recourse  other  than  to  package  a  conven- 
ient chunk  of  anticipated  work,  lasting  probably  three  to  five  years  to  mini- 
mize interruptions,  and  sxibmit  that  as  a  "project".   Since  the  good  scientist  ^ 
must  follow  his  nose  and  be  guided  by  today's  discovery  rather  than  by  last 


(Replies  to  President's  Panel  on  research  quality,  appendix  to  John  C. 
Eberhart's  1975  annual  report.) 


month's  or  last  year's  protocol,  the  pre-review  process  would  not  aid  his 
research  but  would  complicate  his  life.   This  assumes,  as  even  the  GAO  admits, 
that  the  intramural  method  of  review  and  supervision  screens  out  the  unaccept- 
able and  most  of  the  questionable  research. 

4.   Biomedical  research  is  not  a  process  which  lends  itself  to  scheduling, 
systematization,  or  standard  routines,  though  each  of  these  has  a  place  in 
seme  research  at  some  stages.   The  major  advances  in  biomedical  science  have 
come  through  (1)  the  phrasing  of  new  questions,  and  (2)  the  invention  of  new 
methods.  New  questions  serve  to  start  investigators  in  new  directions,  and 
in  time  bring  them  to  new  discoveries.   New  methods  open  up  whole  new  areas 
of  formerly  closed  territory,  and  make  possible  the  answering  of  both  old  and 
new  questions.   If  one  wanted  to  speed  up  biomedical  research,  one  should 
devise  a  way  to  facilitate  the  asking  of  fruitful  new  questions  or  the  develop- 
ment of  new  methods  of  investigation.   No  pre-review  of  written  protocols  will 
do  either.   In  fact  such  review,  by  emphasizing  the  tangibleness  of  the  written 
document — an  artifact  of  research — draws  attention  away  from  the  realities  of 
the  problem,  and  becomes  another  example  of  the  triumph  of  process  over  sub- 
stance.  If  pre-review  of  written  protocols  is  ever  required  on  all  research 
it  is  not  hard  to  foresee  the  day  when  an  inspector  or  auditor  will  feel  it 
his  duty  to  check  to  see  if  the  scientist  is  truly  carrying  out  his  protocol, 
and  will  allege  misfeasance  if  he  deviates.   That  would  be  very  close  to  th$ 
death  of  science — one  could  call  it  assassination  by  stupidity. 

Finally  let  me  say  with  due  respect  that  the  GAO  should  beat  a  graceful 
retreat  from  this  issue  and  busy  itself  with  issues  that  lend  themselves 
better  to  the  simple  logic  of  its  approach.   I  should  say  in  fairness  that 
the  GAO  report  is  carefully  written,  its  reporting  is  factual  (if  superficial) , 
it  does  not  distort  the  NIH  disagreements,  and  it  does  not  appear  hostile  to 
science  or  Government  research.   But  its  recommendation  is  a  disservice,  not 
a  help.   In  my  view  its  proposed  pre-review  would  be  costly  in  time  and  effort 
and  a  serious  distraction  to  good  scientists;  it  would  not  improve  intramural 
research  at  NIH  and  it  might  make  it  worse;  some  good  scientists  would  surely 
leave  the  NIH  for  better  salaries  and  fewer  restrictions  on  their  activities 
in  universities  and  industry,  though  not  all  would;  the  end  result  would  be 
an  intramural  system  poorer  in  staff,  more  formal  in  process,  with  an  eye 
more  on  the  paper-pushing  formalities  than  on  the  scientific  realities.   It 
would  not  be  impossible  to  do  research  under  those  conditions — it  would  just  be 
much  more  difficult  than  it  is  now. 

I  am  moved  to  add  that  it  is  astonishing  that  the  Government  has  been  able  to 
create  and  sustain  a  scientific  organization  as  good  as  the  NIH  is.*   It  is 
further  astonishing  that  the  endemic  demand  of  large  bureaucracies  for  fre- 
quent reports,  extensive  documentation,  dilution  and  spreading  of  responsi- 
bility, limitations  on  initiative,  and  multiplication  of  controls  have  not 
already  reduced  the  NIH  to  the  level  of  other  hagridden,  overstuffed,  and  under- 
productive  Federal  agencies.   The  GAO  report,  whether  the  Comptroller  General 
is  aware  of  it  or  not,  is  just  the  latest  move  in  this  generic  bureaucratic 
process.   I  pray  that  it  will  not  succeed. 


*  I  explored  this  subject  several  years  ago  in  a  paper  on  "Some  Reflections 
on  Science  and  Bureaucracy,"   (Unpxiblished,  1969.) 


The  Report  of  the  President's  Biomedical  Research  Panel 

If  the  GAO  report  is  bad  news,  the  Report  of  the  President's  Panel  is  good 
news.   Here  was  a  group  of  seven  distinguished  scientists  and  statesmen  of 
science,  asked  to  take  fifteen  months  to  "review  and  assess  the  conduct, 
support,  policies,  and  management  of  biomedical  and  behavioral  research  as 
conducted  and  supported  through  programs  of  the  National  Institutes  of  Health 
(NIH)  and  the  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration  (ADAMHA) ." 
They  completed  their  work  and  s;ibmitted  their  report  on  April  30,  1976,  as 
specified  by  the  statute. 

The  report  is  a  strong  endorsement  of  the  NIH-NIMH  system  of  conducting  and 
supporting  research.   Though  the  Panel  recommended  a  number  of  actions  to 
improve  the  programs,  their  conclusions  in  effect  validated  the  aims  and 
methods  and  principles  of  both  intramural  and  extramural  programs.   Again  I 
will  not  deal  with  the  Panel's  discussion  and  recommendations  on  extramural 
research,  but  rather  will  make  some  comments  about  their  treatment  of  the 
NIH-NIMH  intramural  programs . 

In  contrast  to  the  rather  narrowly  focussed  GAO  report,  targeted  on  review 
procedures,  the  President's  Panel  was  intended  and  authorized  to  conduct  a 
comprehensive  study  of  biomedical  and  behavioral  research  and  was  given  ample 
financial  support  for  the  task.   As  a  consequence  the  Panel  was  composed  of 
non-Government  experts,  personally  knowledgeable  about  research  and  academic 
and  research  institutions;  its  input  of  information  and  opinion  was  of  consid- 
erable breadth  and  some  depth  through  the  holding  of  many  open  hearings  and 
commissioning  written  reports  on  all  the  biomedical  and  behavioral  fields  of 
science;  and  it  had  a  good  staff  of  competent  scientists  and  analysts. 

The  report  of  the  Panel  is  worth  reading.   It  is  not  long — 39  pages — and  it 
deals  with  some  of  the  most  fundamental  issues  affecting  the  state  of  bio- 
medical research  in  this  country.   Some  of  the  comments  and  recommendations 
that  I  found  most  interesting  are  the  following: 

1.  The  NIH-NIMH  research  mission.   The  report  fully  supports  the  research 
mission  of  the  two  agen-cies,  with  especial  emphasis  on  the  importance  of  basic 
research  as  a  prelude  to  clinical  applications.   The  report  says,  "A  vigorous 
program  of  fundamental  research  in  all  Institutes  is  essential  to  the  con- 
tinuing strength  of  the  biomedical  research  effort."  (p.  6).   And  "The  key  to 
reducing  [alcoholism,  drug  abuse  and  mental  illness]  lies  in  the  development 
of  strategies  for  prevention  and  methods  of  effective  treatment — both  of  which 
are  built  on  a  solid  foundation  of  basic  research."  (p.  6).   These  co-.nments 
are  especially  significant  in  the  light  of  the  continuing  and  persistent 
weakness  of  public  (and  Congressional)  support  for  basic  research  as  a 
Federal  function. 

2.  Support  for  intramural  research.  The  Panel's  strong  endorsement  of  the 
quality  and  inportance  of  the  NIH  intramural  programs  is  worth  quoting  as  a 
reminder  of  how  we  look  to  one  group  of  outsiders: 

"The  intramural  programs  of  NIH  comprise  one  of  the  most  prestigious 
biomedical  research  organizations  in  the  world.   Scientists  in  the 


intramural  program  have  been  responsible  for  many  major  scientific 
achievements  and  have  been  accorded  recognition  in  many  ways,  including 
the  award  of  Nobel  prizes  to  several  intramural  scientists.   Public 
witnesses  and  the  interdisciplinary  groups  that  assessed  the  state  of  the 
science  have  also  testified  to  the  exceptional  quality  of  the  intramural 
research  programs  of  the  NIH  and  the  importance  of  the  intramural 
program  as  an  essential  base  for  the  extramural  programs.   They  consid- 
ered it  to  be  one  of  the  most  highly  productive  research  groups  in  the 
United  States  and  an  outstanding  setting  for  a  combination  of  clinical 
and  basic  research  experience  for  promising  young  scientists  and 
physicians  by  virtue  of  access  to  an  innovative  research  hospital  that 
facilitates  the  freest  communication  between  laboratory  and  clinic  and 
between  creative  investigation  and  practical  application. 

"The  intramural  program  is  unusual  in  other  respects.   It  includes  an 
extraordinary  diversity  of  scientific  competence  that  provides  unique 
opportunities  for  interchange  and  collaboration;  the  opportunity  for 
concentration  of  research  without  a  requirement  for  teaching  or  health- 
care service;  and  excellent,  although  diminishing,  resources.   These 
factors  allow  the  scientists  to  conduct  with  relative  ease  certain 
studies  that  elsewhere  could  be  conducted  only  with  great  difficulty. 
Nevertheless,  witnesses  have  expressed  concern  for  future  directions  of 
the  intramural  program.   Adequate  facilities  and  other  resources  must  be 
provided  if  research  is  to  move  in  new  directions  and  if  excellence  is  to 
be  maintained  in  the  years  ahead. 

"The  quality  of  the  intramural  research  programs  of  the  NIH  must  be  main- 
tained and  strengthened  so  that  these  programs  can  continue  to  expand  the 
horizons  of  science.   In  addition,  the  Panel  recognizes  that  an  intramural 
research  program  of  outstanding  quality  provides  an  essential  base  for 
quality  assurance  of  the  extramural  programs.   Therefore,  the  Director, 
NIH,  and  the  Administrator,  ADAMHA,  should  be  required  to  take  such  steps 
as  necessary  to  ensure  the  maintenance  of  this  national  resource  at  its 
present  high  level  of  productivity." 

As  for  the  NIMH  intramural  program  specifically,  the  Panel  has  these  comments: 

"Under  stable  and  farsighted  leadership,  the  NIMH  intramural  program, 
like  its  counterpart  programs  in  the  NIH,  has  achieved  a  very  distin- 
guished record  of  clinical  and  laboratory  research.   Scientists  and 
clinicians  in  the  intramural  program  of  the  NIMH  have  stood  at  the 
forefront  of  their  fields  and  have  been  recognized  with  numerous  honors. 
Location  of  the  intramural  program  of  the  NIMH  amidst  the  intramural 
programs  of  the  NIH  appears  to  have  been  significant  for  mutual 
enrichment. " 

The  Panel  then  goes  on  to  recommend  that, 

"Support  from  the  ADAMHA  for  clinical  and  laboratory  activities  for  the 
intramural  program  of  the  NIMH  should  be  strengthened;  cooperation  and 
encouragement  by  the  NIH  should  be  continued  by  permitting  retention  of 
all  current  laboratory  facilities  and  ward  space  for  the  NIMH  in  the  NIH 
Clinical  Center  and  full  participation  in  the  use  of  the  planned 
ambulatory  care  facility." 
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We  are  grateful  for  the  Panel's  confidence  in  us  and  for  their  support,  and    ^- 
we  hope  our  work  continues  to  merit  it.  ^ 

3.   Budgets,  positions,  salaries.   The  Panel  learned  early  and  late,  if  they 
had  not  already  known,  of  the  real  needs  of  the  intramural  programs,  and  they 
recommended  vigorous  action  to  remedy  them.   Of  NIMH  research  budgets  they  say: 

"The  precipitous  decline  in  constant  dollars  in  the  research  budget  of 
the  NIMH  over  the  past  decade  must  be  fully  reversed  to  permit  a  compre- 
hensive research  effort.   The  research  budget  must  again  reach  levels     (^ 
consistent  with  need  and  opportunity. " 

The  limitations  on  program  imposed  by  OMB-decreed  manpower  ceilings ,  which 
are  often  below  the  level  of  budgeted  positions,  are  noted,  and  the  Panel 
"urges  that  the  (MB   establish  a  method  of  controlling  the  size  of  the  federal 
work  force  that  would  provide  more  flexibility  for  the  agency  to  hire  person- 
nel in  accordance  with  new  and  increasing  program  management  requirements 
rather  than  personnel  ceilings." 

Because  Federal  personnel  systems  make  it  difficult  to  change  the  duties  of, 
or  retire,  or  discharge  scientists  or  science  administrators  whose  efforts 
are  no  longer  adequately  productive,  the  Panel  recommends  that  consideration 
be  given  to  setting  up  a  new  personnel  system  for  scientists  and  scientist 
administrators.   Though  such  efforts  have  been  made  before,  it  is  worth 
repeating  this  recommendation. 

"The  Congress  should  consider  establishing  a  special  personnel  system 
for  the  NIH  ana  the  ADAMHA  that  would  improve  the  method  used  for         v 
periodic  evaluation  of  the  activxties  of  all  research  personnel  and 
scientist  administrators.   The  review  would  determine  v*io  should  continue 
to  have  career  status  in  the  system,  who  should  be  reassigned  to  other 
duties,  or  who  should  be  retired  because  they  no  longer  meet  the  highest 
standards  of  quality  and  productivity  in  research  endeavors.   The  new 
system  should  also  permit  greater  flexibility  to  program  administrators 
to  shift  the  job  assignments  of  the  research  personnel  and  scientist 
administrators  in  their  organizations." 

Finally,  salary  ceilings.   The  Panel  deplores  them  and  urges  that  "Salaries 
for  grades  GS-15  through  GS-18  be  paid  at  current  legislative  levels,"  with- 
out regard  to  the  then-current  $37,800  ceiling.   It  is  unfortunate  that  the 
Panel ' s  recommendation  is  unlikely  to  move  the  Congress ,  though  it  may 
strengthen  the  move  to  adjust  upper  level  salaries  when  the  new  Congress 
convenes  in  January  1977 . 


4.   Agency  organization  and  scientific  advice.   Throughout  the  Panel's  ; 

15-month  effort  the  issues  of  ADAMHA' s  capacity  to  support  research  programs 
adequately  kept  coming  up,  until  settled  by  a  split  vote  near  the  end  of  the 
Panel's  life.   Briefly,  some  members  of  the  Panel  and  some  who  testified  at 
its  hearings  believed  that  the  pressure  of  sizeable  service  and  training 
programs  in  the  ADAMHA  institutes  precluded  giving  adequate  attention  and 
support  to  research,  and  recommended  therefore  that  ADAMHA' a  research  programs, 
both  intramural  and  extramural,  be  trans fered  to  the  NIH.   As  evidence  they 
pointed  out  that  only  22  percent  of  NIMH's  budget  in  1975  went  for  research,    ( 


while  NIDA  and  NIAAA  used  only  15  and  8  percent  respectively  for  research. 
(In  the  typical  NIH  Institute  80-95  percent  of  the  appropriation  is  budgeted 
for  research.)   The  three  members  of  the  Panel  vAio  urged  this  believed  that 
if  this  could  not  be  done  immediately,  it  would  be  wise  to  move  physically 
all  of  ADAMHA's  intramural  programs  to  the  NIH  campus  as  a  first  step  in  this 
direction.   The  report  concludes: 

"The  majority  of  the  Panel,  however,  concluded  that  a  transfer  of  the 
research  function  of  the  ADAMHA  to  the  NIH  would  be  unwise  at  this  time 
because  of  testimony  suggesting  that,  first,  this  move  would  not 
necessarily  assure  larger  budgets  for  research;  it  might  even  encourage 
a  further  decline.   Second,  a  transfer  would  seriously  interrupt  the 
successful  functioning  of  other  important  programs  of  the  ADAMHA. 

"While  constituency  support  of  the  ADAMHA  has  been  primarily  for  its 
service  programs,  federal  funds  for  research  have  in  large  measure 
accompanied  appropriations  for  those  programs.   If  research  were 
disengaged  from  service  by  moving  the  research  programs  to  NIH,  even  the 
limited  advocacy  for  research  by  this  constituency  could  be  lost.   The 
Panel  is  pleased  to  note  that  the  constituencies  of  the  ADAMHA  have 
begun  to  articulate  the  need  for  research.   The  Panel  strongly  endorses 
this  development  as  proper  and  promising  and  encoxirages  the 
Administrator,  ADAMHA,  to  exploit  this  development." 

At  this  stage  I  am  inclined  to  agree  with  the  Panel's  majority.   The  key 
issue  is,  of  course,  budgetary  support,  and  the  most  important  strategic 
calculation  is  how  it  can  be  kept  at  an  adequate  level.   The  interest  and 
support  of  the  NIMH  Director  and  of  the  mental  health  constituency  groups  are 
currently  vita]..   There  is  nothing  in  the  NIH  organization  to  replace  these 
if  research  were  transferred  out  of  the  NIMH.   In  the  longer  run  another 
possibility  exists.   That  is  the  creation  of  a  National  Institute  of  Mental 
Health  Research  (NIMHR)  as  a  component  of  the  NIH,  with  the  present  NIMH 
service  and  training  programs  reassigned  to  other  health  agencies .   Such  a 
change  would,  I  am  sure,  be  a  blow  to  the  service  and  training  staffs,  and 
quite  possibly  to  their  programs  too,  so  that  I  do  not  anticdnate  any  such 
change  in  the  near  future. 

For  reasons  that  were  not  entirely  clear  to  me  the  Panel  recommended  the 
appointment  of  additional  high  level  officials  with  research  responsibility 
in  ADAMHA  and  its  three  institutes.   They  said  that, 

"As  an  additional  means  [additional  to  the  proposed  new  Advisory  Board] 
for  strengthening  the  scientific  leadership  in  the  ADAMHA,  the 
Administrator  should  appoint  an  Associate  Administrator  for  Research, 
and  the  Director  of  each  of  the  three  Institutes  should  appoint  an 
Associate  Director  for  Research,  each  of  whom  would  have  authority  and 
responsibility  for  the  management  of  the  research  programs  of  their 
Institutes  and  would  report  to  the  Associate  Administrator  for  Research 
for  program  guidance.   The  Administrator,  Associate  Administrator,  and 
the  Associate  Directors  should  be  given  responsibility,  in  concert  with 
the  ADAMHA  Advisory  Board,  for  developing  and  justifying  the  research 
programs  of  the  Institutes.   All  of  these  individuals  should  also  meet 
periodically  with  their  counterparts  in  the  NIH  and  in  the  National 
Science  Foundation." 
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My  first  guess  was  that  this  staff  structure  was  designed  to  parallel  a 
sister  agency,  the  NIH,  where  there  is  now  a  Deputy  Director  for  Science,      (^Q 
but  the  parallel  is  faulty.   For  the  first  15  years  of  its  existence  NIH  had 
no  NIH-level  science  officer  below  the  Director.   Then,  in  1959, 
Dr.  G.  Burroughs  Mider  was  appointed  Director  of  Laboratories  and  Clinics — 
intramural  research  only — while  extramural  research  continued  under  an  NIH 
Associate  Director.   No  Institute  at  NIH,  to  my  knowledge,  has  an  officer 
under  the  Director  with  responsibility  for  all  science  programs.   No  Director 
of  Intramural  Research  in  any  NIH  Institute  reports  to  an  officer  below  his 
Director.   Other  justifications  for  these  recommendations  escape  me.   Staff    /{7 
assistance  on  research  matters  to  the  Administrator  and  the  Institute 
Directors  may  be  desirable,  but  line  officers  responsible  for  both  intramural 
and  extramural  research  seem  to  me  to  represent  excessive,  bureaucratic 
layering,  and  to  be  undesirable  at  both  levels. 

5.   Directions  for  expansion.   In  concluding  its  report  the  Panel  emphasizes 
the  importance  of  resources  for  expanded  research  in  five  areas.   They  are: 
population  (the  biological,  behavioral,  and  demographic  elements  of  himian 
reproduction),  genetic  diseases,  environmental  and  industrial  health  and 
toxicological  research,  neurobiology  and  man's  understanding  of  himself,  and 
diabetes.   Since  neurobiology  is  close  to  the  heart  of  our  program  I  quote 
the  Panel's  comments: 

"Perhaps  the  ultimate  challenge  to  biomedical  research,  representing  the 
very  pinnacle  of  our  understanding  of  the  human  organism,  lies  in 
neurobiology:   how  the  brain  and  nervous  system  develop,  how  they  func- 
tion in  health  and  disease,  how  thought  occurs,  how  memory  is  stored, 
how  we  reason,  how  we  are  motivated,  and  how  we  interact  with  our        ^ 
physical  and  social  environment. 

"We  hope  that  man  will  one  day  have  a  better  understanding  of  himself  and 
live  more  harmoniously  with  his  fellow  man.   Thus,  the  study  of  brain 
and  mind  deserves  greatly  increased  attention  not  only  in  the  programs 
of  the  NIH  and  the  ADAMHA  but  also  from  the  many  different  disciplines 
of  biomedical  and  behavioral  science,  as  well  as  such  fields  as  mathe- 
matics, linguistics,  and  the  communicative  sciences.   The  Panel  commends 
neurobiology  as^  a  compelling  long-range  interest  worthy  of  national 
attention." 

This  program  has  been  contributing  to  neurobio logical  knowledge  as  long  as  it 
has  been  trying  to  find  the  causes  of  mental  illness,  and  it  is  encouraging 
that  the  Panel  has  recognized  the  importance  of  both. 

Some  other  events  of  the  past  year  are  worthy  of  mention. 

The  Board  of  Scientific  Counselors  met  twice  during  the  year.   On  October  23-  (^ 

24,  1975,  the  Board  gathered  in  Bethesda  to  review  the  work  of  the  Section  on 

Neuropsychology,  at  the  time  still  a  component  of  the  Laboratory  of  Psychology 

and  Psychopathology.   Board  members  present  for  the  review  were  Drs. 

Robert  Doty,  Eleanor  Gibson,  Nelson  Goldberg,  Eleanor  Sheldon,  and 

Fred  Worden.   Dr.  David  Hamburg  was  unable  to  be  present.   Assisting  the  Board 

at  the  review  were  Drs.  Brenda  Milner  of  McGill,  Walle  Nauta  of  MIT,  and 

Eliot  Stellar  of  the  University  of  Pennsylvannia.   It  had  become  clear  that  the^ 
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Section  on  Neuropsychology  was  not  a  comfortable  fit  within  its  Laboratory, 
and  the  review  and  evaluation  of  the  Board  was  preliminary  to  a  decision  on 
the  future  organizational  status  of  the  Section.   The  Board's  conclusion  was 
a  strong  affirmation  of  the  quality  and  importance  of  the  Section's  work,  a 
pointing  out  of  the  uniqueness  of  the  Section's  contributions,  and  a 
recommendation  that  the  Section  be  reconstituted  as  a  Laboratory.   We 
accepted  the  Board's  recommendation  and  we  have  been  pleased  to  welcome  a  new 
laboratory  unit  to  the  IRP,  and  a  new  Laboratory  Chief — Dr.  H.  Enger  Rosvold — 
to  the  Lab  Chief's  group. 

Before  mentioning  the  spring,  1976,  meeting  of  the  Board  let  me  backtrack  to 
report  the  serious  loss  to  the  program  occasioned  by  Dr.  Floyd  Bloom's 
resignation  on  October  15,  1975,  to  accept  a  new  post  as  Director,  Arthur 
Vining  Davis  Center  for  Behavioral  Neurobiology,  The  Salk  Institute, 
San  Diego.   As  Chief  of  the  Laboratory  of  Neuropharmacology  and  Acting 
Director  of  the  Division  of  Special  Mental  Health  Research,  Dr.  Bloom  has 
been  a  central  figure  in  the  Intramural  Program,  and  as  a  scientist  and  scholar 
of  remarkable  skill,  sxibtlety,  and  effectiveness  he  was  influential  far  beyond 
his  administrative  domain.   Joining  him  at  Salk  were  Drs.  Stephen  L.  Foote, 
William  J.  Shoemaker,  and  George  R.  Siggins  from  his  Laboratory,  all  of  whom 
will  be  missed.   Then  on  August  17,  1976,  Dr.  Barry  Hoffer  also  left  the 
Laboratory  to  accept  a  professorship  at  the  University  of  Colorado.   These 
departures  left  the  Laboratory  of  Neuropharmacology  for  the  time  being  as  a 
fragment  of  itself,  and  it  seemed  appropriate  to  ask  the  Board  to  review  the 
decimated  Laboratory  and  also  the  Laboratory  of  Preclinical  Pharmacology. 

It  did  so- on  April  1-3,  1976,  meeting  the  first  day  in  the  William  A.  White 
Building  and  in  Building  36  on  the  next  two  days.   All  Board  members  were 
present.   Serving  as  consultants  to  assist  the  Board  were  Drs.  Phillip  G. 
Nelson,  NICHD;  Dominick  Purpura,  Albert  Einstein;  G.  Alan  Robison;  University 
of  Texas,  Houston;  and  Sydney  Spector,  Roche  Institute  of  Molecular  Biology. 
With  a  very  crowded  agenda  the  Board  carried  out  a  quite  comprehensive  review 
of  the  work  of  both  Laboratories.   Although  the  Board's  report  on  the  review 
has  not  yet  been  received,  their  comments  about  the  research  during  the 
executive  session  were  generally  very  favorable. 

I  would  like  to  take  belated  note  of  a  new  task  that  the  Board  is  now 
performing,  and  to  express  my  appreciation  for  their  willingness  to  do  so. 
In  October  1974,  I  asked  the  Board  members  if  they  would  be  willing  to  prepare 
a  report  sximmarizing  their  evaluation  of  the  research  presented  to  them.   They 
consented,  and  have  done  so  after  each  of  the  subsequent  meetings.   The  burden 
falls  most  heavily,  of  course,  on  the  member  or  members  from  the  disciplines 
under  review.   The  reports  have  been  thorough,  balanced,  and  critical,  and  have 
constituted  very  useful  judgments  for  us  and  for  the  scientists  concerned.   We 
are  very  grateful  to  Dr.  Sheldon,  as  Chairman,  and  the  other  members  of  the 
Board  for  this  additional  help  in  our  efforts  to  evaluate  what  we  are  doing. 

Subsequent  to  Dr.  Bloom's  departure.  Dr.  Richard  Wyatt,  Chief  of  the 
Laboratory  of  Clinical  Psychopharmacology,  agreed  to  serve  as  Acting  Director 
of  the  Division  until  a  permanent  successor  could  be  appointed.   It  was  agreed 
that  the  reduced  Laboratory  of  Neuropharmacology  would  be  kept  in  status  quo 
for  the  time  being  in  hope  that  selection  of  a  new  Lab  Chief  could  await  the 
appointment  of  the  new  Division  Director.   The  resulting  uncertainties  have 

11 


not  made  matters  easier  for  the  remaining  staff  of  the  Laboratory  or  the 
Division,  and  we  are  grateful  to  Dr.  Wyatt  and  the  others  in  the  Division    ^ 
for  their  patience  and  continued  efforts  to  keep  the  research  program  going 
at  its  usual  high  level.   This  effort  is  all  the  more  remarkable  in  the  light 
of  the  continuing  negotiations  between  the  Federal  Government,  the  Congress, 
and  the  District  of  Columbia  over  the  transfer  of  St.  Elizabeths  Hospital 
either  to  the  D.C.  Government  or  to  a  public  corporation.   Dr.  Wyatt's 
comments  on  this  issue  in  his  annual  report  as  Division  Director  are  with 
feeling.   He  believes  it  is  necessary  to  plan  immediately  for  the  transfer 
within  3  to  4  years  of  his  Division  from  St.  Elizabeths  to  a  new  permanent   l 
site,  because  of  the  likelihood  that  the  Hospital,  under  other  control  than 
the  Federal  Government,  would  not  satisfactorily  provide  the  atmosphere  and 
services  required  by  such  a  research  program.   It  is  not  entirely  clear  to  me 
that  that  is  so,  but  in  any  case  a  first  step  toward  a  new  research  facility 
was  taken  this  year. 

The   need  for  a  new  site  and  a  new  building  exists  not  only  in  Dr.  Wyatt's 
Division  but  also  in  the  National  Institute  on  Drug  Abuse,  which  may  have  to 
move  the  Addiction  Research  Center  away  from  Lexington,  Kentucky,  and  in  the 
NIAAA,  vrtaich  now  has  a  Laboratory  housed  in  the  William  A.  White  Building  and 
is  planning  to  move  it  soon  to  rented  laboratory  space  in  Rockville. 
Dr.  William  Pollin  of  NIDA  has  headed  a  committee  which  includes  Drs .  Bunney 
and  Wyatt  and  Mr.  John  Deering  of  NIAAA  as  members,  which  has  planned  a  study 
of  the  feasibility  of  a  new  research  facility.   A  contract  has  been  let  with  the 
Arthur  Young  Company  to  do  the  study.   Greatest  interest  in  a  site  has  been 
in  a  location  on  the  NIH  campus ,  for  obvious  reasons .   The  contractor  will 
complete  his  study  and  submit  a  report  later  this  fall.   The  large  questions 
are,  of  course,  the  availability  of  a  building  site  at  NIH  which  could        ^ 
accommodate  a  sizeable  clinical  and  basic  research  program,  and  support  in 
Congress  and  the  Administration  for  the  structure  and  the  funds  needed  to 
build  it.   Answers  to  the  questions  will  probably  be  slow  in  coming. 

In  my  report  a  year  ago  I  described  briefly  the  new  discovery  by  Dr.  Louis 
Sokoloff,  Chief  of  the  Laboratory  of  Cerebral  Metabolism,  of  a  method  of 
detecting  and  describing  brain  function  through  an  indirect  measurement  of 
glucose  consumption.   The  method  has  been  widely  adopted  by  other  laboratories 
and  hailed  generally  for  its  potential  for  resolving  many  important  and 
unanswered  questions  about  bra.in  function.   I  am  pleased  to  report  that  in 
recognition  of  this  discovery  and  of  many  other  outstanding  contributions 
which  Dr.  Sokoloff  has  made  he  was  awarded  the  Administrator's  Award  for 
Meritorious  Service  in  November,  1975,  and  the  Distinguished  Service  Award 
by  the  Secretary  in  April,  1976. 

I  am  pleased  to  report  also  that  another  award  has  been  made  to  Dr.  Frederick 
K.  Goodwin,  Chief  of  the  Section  on  Psychiatry  of  the  Laboratory  of  Clinical 
Science.   He  was  the  1976  winner  of  the  annual  Taylor  Manor  Hospital  Award,  1 
presented  each  year  to  a  psychiatrist/scientist  "in  recognition  of  his 
outstanding  contributions  to  psychiatry  and  as  a  tribute  to  the  genius  of 
scientists  dedicated  to  easing  emotional  and  psychiatric  suffering  and  to 
restoring  mental  health."   The  award  was  given  for  his  research  on  the 
biological  aspects  of  affective  disorders  and  on  psychopharmacology . 
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other  awards  made  during  the  year  included  an  EEO  Special  Achievement  Award 
to  Dr.  Mortimer  Mishkin  of  the  Laboratory  of  Neuropsychology  after  recommenda- 
tion by  the  EEO  Council;  an  award  to  Mr.  Carl  Pergler,  Administrative  Officer 
of  DSMHR,  for  a  special  Act  of  -Service  in  connection  with  the  processing  of  an 
employee's  appeal;  and  a  cash  award  for  Sustained  Superior  Performance  to 
Mrs.  Margaret  Braymer,  Chief  of  the  satellite  personnel  office  that  serves  the 
Intramural  Program. 

I  would  like  to  again  express  my  appreciation  to  Mrs.  Braymer  and  her 
colleagues  for  their  thoughtful,  ingenious,  persistent  and  fruitful  efforts 
in  behalf  of  their  three  sets  of  clients — employees,  managers,  and  the  Civil 
Service  System — which  are  often  at  odds  with  one  another.   Through  attributes 
of  character  as  much  as  skill,  and  with  competence  matched  with  integrity  and 
courage,  they  have  managed  to  reconcile  often  conflicting  needs  and  to  advance 
both  staff  satisfaction  and  program  goals.   It  is  an  unusual  accomplishment, 
and  we  are  fortunate  that  they  have  chosen  to  expend  their  efforts  in  behalf 
of  this  program. 

Finally  I  want  to  salute  Mrs.  Hazel  Rea,  who  this  year  was  appointed  to  the 
new  position  of  Associate  Director  for  Program  Management  of  the  Intramural 
Program — a  position  created  especially  for  her.   The  promotion  and  new  title 
recognized  officially — even  though  belatedly — the  outstanding  contributions 
Mrs.  Rea  has  been  making  for  a  long  time  to  this  program  and  to  the  NIMH  and 
the  NIH.   In  all  this  I  am  especially  pleased  about  three  things,  in  this 
order:  1)  that  we  have  had  the  benefit  of  Mrs.  Rea's  wisdom,  skill,  strength, 
and  commitment  to  this  program  for  so  long;  2)  that  the  leaders  of  two 
agencies  shared  our  recognition  and  appreciation  of  her  work;  and  3)  that 
there  may  be  a  signal  here  to  other  public  servants  that  outstanding  contri- 
butions can  be  rewarded  even  if  unconventional  action  is  required  of  the 
system. 
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Annual  Report  of  the 
Director,  Division  of  Clinical  and  Behavioral  Research 
National  Institute  of  Mental  Health 

July  1,  1975  -  June  30,  1976 

Robert  A.  Cohen,  M.D. ,  Ph.D. 

This  has  been  a  year  of  growth  and  change.  On  the  one  hand,  even  a  cursory 
reading  of  the  reports  from  each  of  the  Laboratory  and  Branch  Chiefs  will 
indicate  to  the  sensitive  reader  how  industrious  and  productive  each  group 
has  been.  Research  projects  have  been  energetically  pursued;  resources  have 
been  stretched  literally  to  the  limit  in  efforts  to  exploit  as  fully  as 
possible  the  research  ideas  and  opportunities  which  engage  the  investigators. 
On  the  other  hand,  however,  it  has  seemed  to  me  that  as  program  director 
I  have  never  been  pulled  so  far  away  for  so  long  a  time  from  irmiediate  sub- 
stantive concern  with  on-going  studies.  In  unending  succession  there 
appeared  new  administrative  issues  or  problems,  some  of  which  appeared  posi- 
tively threatening  to  the  Institution,  to  the  Institute  or  to  the  integrity 
of  the  intramural  program.  While  their  solution  only  rarely  promised  some 
improvement  in  the  conditions  of  our  work,  on  the  whole  the  long-range  effects 
should  prove  positive. 

Hopefully,  the  just  issued  Report  of  the  President's  Biomedical  Research 
Panel  will  have  a  stabilizing  impact  upon  research  supported  and  conducted 
by  NIH  and  ADAMHA.  The  Panel  conducted  a  review  of  both  extramural  and 
intramural  programs;  the  views  of  the  scientists  themselves  were  strongly 
represented  and  thoughtfully  considered. 

Having  a  more  immediate  impact  on  the  activities  of  this  Division  were  the 
deliberations  of  a  Clinical  Center-wide  Committee  on  Clinical  Care  chaired 
by  the  writer.  The  Clinical  Center  has  always  been  an  unusual  institution. 
It  has  functioned  not  as  an  integrated  hospital  whose  primary  purpose  is  to 
provide  the  highest  level  of  clinical  care  where  research  is  designed 
principally  to  improve  its  treatment  efforts.  Rather,  it  has  operated  as 
a  loose  federation  of  specialized  small  hospitals  whose  shifting  research 
interests  determined  who  would  be  treated  and,  to  a  degree,  what  treatments 
would  be  offered.  Good  treatment  which  does  not  contribute  to  good  research 
is  not  highly  rewarded. 

After  all  available  resources  were  fully  distributed,  attempts  to  meet  in- 
creasing needs  in  one  area  necessarily  implied  restrictions  for  another.  As 
developing  knowledge  opened  interesting  new  ideas  for  study,  these  Tiost  often 
were  seen  as  enriching  on-going  projects  rather  than  as  more  exciting  and 
productive  alternatives.  It  has  been  difficult  to  deal  with  this  issue  at 
the  program  level,  but  at  least  on  occasion  we  have  been  able  to  shift 
resources  from  one  area  to  expand  others  as  certain  projects  came  to  an  end 
or  as  investigators  retired  or  moved  to  other  institutions.  For  the  Clinical 
Center  as  a  whole,  however,  it  appeared  that  any  new  development  or  newly 
recognized  need  could  be  implemented  only  by  terminating  some  other  operation. 
The  choice  of  the  activity  to  be  terminated  was  almost  invariably  imposed  on 
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the  program  which  made  the  new  requests,  since  any  other  solution  would  in-   ^ 
vade  the  territory  of  other  Institutes.  The  achievements  of  the  past  23  years' 
demonstrate  that  there  are  great  strengths  in  this  form  of  organization,  but 
the  growing  list  of  Clinical  Center  shortcomings  as  a  modern  treatment  facil- 
ity made  us  aware  of  important  weaknesses  as  well.  Our  Committee  on  Clinical 
Care  simply  gave  voice  to  shortcomings  which  persisted  largely  because  indi- 
vidual Institutes  considered  it  impossible  or  unwise  to  substitute  the  needed 
new  program  or  facility  for  existing  operations.  The  problem  was  aggravated 
further  by  the  urgent  demands  for  clinical  space  from  newly  organized       I 
Institutes  and  by  the  wishes  of  others  for  beds  over  and  above  their  long-    ' 
established  quotas.  Although  the  Director  NIH  probably  has  the  authority  to 
reassign  and  dedicate  space  for  the  creation  of  new  facilities  and/or  capa- 
bilities he  might  deem  desirable  for  the  Clinical  Center  as  a  total  institu- 
tion, in  actual  practice  the  sovereignty  of  the  individual  Institute  programs 
had  almost  never  been  thus  abrogated. 

A  general  meeting  of  program  directors  and  a  number  of  clinical  investigators 
was  called  by  the  Director  and  Deputy  Director  of  Science  NIH  to  discuss 
these  issues.  Under  their  leadership  there  has  been  recognition  of  the  fact 
that  we  have  paid  too  high  a  price  for  our  individual  sovereignty.  We  are 
now  engaged  in  an  effort  to  plan  together  for  a  Clinical  Center  that  will 
function  as  a  more  unified  total  treatment  institution  equipped  to  deliver 
the  highest  quality  of  medical  care,  and  flexible  enough  to  respond  promptly 
to  new  requirements  as  they  are  identified.  It  is  agreed  that  only  in  such 
a  setting  can  the  best  research  flourish. 

The  first  problem  considered  in  the  new  order  was  the  establishment  of  a     | 
Medical  Intensive  Care  Unit,  which  it  was  generally  agreed  was  an  urgently 
needed  Clinical  Center  facility.  The  NIMH  clinical  units  were  high  on  the 
list  of  those  considered  for  the  location  of  the  MICU--partly  because  they 
have  fewer  beds  per  square  foot  than  the  units  of  other  Institutes  and 
partly  because  our  census  had  been  below  the  average  for  the  months  selected 
for  comparisons  between  Institutes.  In  a  series  of  intensive  discussions, 
it  was  pointed  out  first  that  the  census  period  selected  caught  us  in  a 
period  of  transition  from  the  old  psychosocial  to  more  intensive  biological 
studies  which  now  constitute  a  central  theme  in  our  clinical  psychiatric 
research.  In  recent  months,  NIMH  has  been  at  or  near  the  top  in  bed  occu- 
pancy figures.  Further,  the  lower  bed  capacity  of  the  NIMH  units  reflects 
the  fact  that  our  patients  are  ambulatory,  and  stay  in  hospital  for  as  long 
as  two  years.  The  units,  therefore,  serve  as  living  quarters,  and  are  not 
to  be  compared  to  those  on  which  physically  ill  patients  require  intensive 
medical  care  and  are  often  confined  to  bed  for  much  briefer  periods  of 
hospitalization.  Space  for  the  MICU  was  finally  volunteered  by  the  National 
Institute  of  Arthritis,  Metabolism  and  Digestive  Diseases,  who  received 
compensatory  space  elsewhere  in  the  Clinical  Center.  Planning  for  the  MICU   ^ 
is  currently  under  way. 

There  is  now  being  considered  a  proposal  to  move  the  Laboratory  of  Socio- 
Environmental  Studies  to  Building  31,  and  the  provision  to  the  National 
Institute  on  Alcohol  Abuse  and  Alcoholism  of  some  11  modules  of  laboratory 
space  in  the  area  to  be  vacated  by  LSES,  plus  three  beds  on  each  of  two  of 
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our  wards.  Plans  for  the  development  of  an  NIH  Ambulatory  Care  Research 
Facility  have  moved  forward  rapidly,  and  construction  will  begin  in  January 
1977.  The  facility  will  provide  both  outpatient  clinical  space  and  laboratory 
support  for  studies  in  which  we  and  the  other  NIH  Institutes  will  be  engaged. 
Efforts  will  be  made  to  minimize  interference  with  on-going  research  during 
the  construction  of  this  building  which  will  have  14  stories  above  and  4 
below  ground  level,  but  some  disruption  seems  inevitable  until  the  facility 
is  finally  completed  and  physically  connected  to  the  Clinical  Center  in  1980 
or  1981.  We  already  know  that  we  shall  have  to  move  from  the  second  floor 
clinical  unit  we  now  utilize,  and  from  numerous  offices  and  laboratories  as 
well.  We  shall  have  to  surrender  our  infant  observation  facility  on  the  B2 
level  by  March  1977.   In  the  next  year  or  two  there  will  be  discussions 
before  final  decisions  are  made  concerning  the  redistribution  of  NIH  clinical 
space.  Inevitably  these  decisions  will  influence  the  program  and  method  of 
operation  of  this  division.  Although  the  move  of  LSES  from  the  Clinical 
Center  to  another  building  on  this  campus  will  have  minimal  immediate  effect 
on  their  relationships  with  other  laboratories,  it  is  obvious  that  over  time 
it  will  increase  the  effort  necessary  for,  and  thus  militate  against  the 
casual  and  free  communication  we  have  thus  far  enjoyed.  In  effect,  then, 
the  pressure  to  retain  in  the  Clinical  Center  complex  only  those  who  require 
its  facilities  for  their  research  will  make  it  even  more  difficult  than  it 
is  now  to  achieve  the  kind  of  multidisciplinary  interaction  which  has  been 
a  goal  of  this  program. 

The  actual  conduct  of  clinical  research  has  also  been  affected  by  a  steady 
increase  both  in  number  and  the  extent  of  formal  review  procedures  which 
must  be  completed  and  approved  before  a  project  can  begin.  It  takes  6  to 
18  months  after  local  institutional  approval  for  certain  projects  involving 
new  drugs  or  new  uses  of  old  drugs  to  gain  final  approval  from  FDA.  The 
procedures  of  our  Institute  Research  Review  Committee  have  been  broadened 
to  include  consideration  not  only  of  the  safety  and  merit  of  proposed 
protocols  but  also  precise  details  concerning  its  communication  to  parti- 
cipants. Regulations  concerning  the  protection  of  human  subjects  engaged 
in  experimental  studies,  concerning  informed  consent,  privacy  and  freedom 
of  information  have  resulted  in  a  move  from  the  relatively  simple  statement 
of  guidelines  for  the  conduct  of  our  work  to  committee  review  of  the  specific 
statements  made  in  interactions  with  the  patients  and  other  participants  in 
our  research. 

Obviously,  there  is  merit  in  these  regulations.  They  were  instituted  only 
after  there  had  been  reports  of  some  abuses  in  the  research  community  in  this 
country  and  abroad.  They  are  designed  not  only  to  prevent  such  abuses  but  to 
improve  the  quality  and  protect  the  conduct  of  significant  clinical  investi- 
gation. They  were  not  invoked  because  of  research  abuses  alone,  however,  but 
reflect  also  a  larger  concern  in  our  society.  Many  human  relationships  have 
come  under  scrutiny  and  have  been  subjected  to  legal  review--doctor  and 
patient,  lawyer  and  client,  consumer  and  purveyor  of  services,  purchaser  and 
manufacturer  of  products,  student  and  school,  employee  and  employer.  What 
might  have  been  considered  ill  fate  or  misfortune  in  these  relationships  as 
recently  as  20  years  ago,  may  now  be  regarded  as  abuse  of  privilege  and 
grounds  for  legal  action.  The  most  hopeful  way  of  looking  at  these  corrective 
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efforts  is  to  consider  them  as  resembling  the  processes  involved  in  learning 
a  new  skill,  as,  for  example,  riding  a  bicycle.  At  first,  one  painfully     (( 
devotes  total  attention  to  each  of  the  several  actions  that  must  be  correctly 
performed  if  one  is  to  succeed;  ultimately,  these  become  second  nature,  and 
one  pedals  easily  giving  no  attention  to  technical  requirements,  free  to 
engage  in  more  rewarding  thought.  It  may  be  that  the  institutionalization  of 
these  research  governance  procedures  will  lead  ultimately  to  an  improvement 
in  the  ways  in  which  we  relate  to  each  other.  We  may  all  come  to  act  with 
the  thoughtful  concern  that  reflects  true  polity.  But  I  find  myself  thinking 
back  nostalgically  to  a  simpler  time  when  the  task  was  to  develop  a  relation-  (( 
ship  of  mutual  trust,  mutual  obligation  and  mutual  responsibility.  The 
institution  and  observance  of  rules  to  satisfy  near  and  distant  third  parties 
may  lead  to  an  erosion  of  relationships  between  principals  as  often  as  they 
guarantee  establishment  of  minimally  required  respect  and  consideration  for 
human  rights  and  human  needs.  We  may  pay  more  attention,  and  address  ourselves 
to  the  third  parties  rather  than  to  each  other.  After  each  and  every  formal 
rule  has  been  complied  with,  the  clinical  investigator  must  still  observe 
standards  of  conduct  only  he  can  set  for  himself;  in  my  view,  it  is  these 
that  are  truly  important  and  make  all  the  difference;  it  is  these  that 
guarantee  that  the  research  participant  will  be  thoughtfully  related  to  as 
an  individual  with  unique  needs  and  concerns  rather  than  as  one  of  a  class 
all  of  whom  are  entitled  to  the  same  carefully  regulated  treatment. 

In  the  matter  of  funding  support  for  their  research,  our  investigators  have 

fared  no  worse  and  no  better  than  the  field  as  a  whole.  There  has  been, 

in  effect,  a  gradual  constriction  since  the  budget  allotted  to  us  never 

quite  meets  the  increasing  costs,  and  eyery  year  we  either  lose  or  seem 

ever  threatened  with  the  possible  loss  of  several  positions.  Nevertheless,   i 

the  budget  is  still  large,  and  each  branch  or  laboratory  is  productively 

engaged  in  significant  studies. 

As  I  look  back  to  earlier  years,  it  seems  to  me  that  there  has  been  a  change 
in  the  NIH  atmosphere  which  is  somewhat  difficult  to  define.  In  part,  the 
change  is  due  to  the  fact  that  we  are  now  a  more  stable,  mature  organization, 
rather  than  a  lively  adolescent  one  with  ample  room  for  growth  and  freedom 
to  change  direction.  In  part,  it  reflects  a  change  in  the  general  attitude 
toward  research  and  researchers.  They  are  regarded  ambivalently.  On  the 
one  hand,  they  are  highly  valued--new  Institutes  are  advocated  and  estab- 
lished, older  ones  have  new  areas  of  responsibility  added  to  their  charters. 
But  on  the  other  hand,  investigators  are  looked  upon  with  suspicion--they 
reputedly  pursue  their  own  goals  without  concern  for  the  participants  in 
their  research,  they  are  too  little  interested  in  the  earliest  possible 
practical  application  of  their  esoteric  studies,  they  are  wasteful  and  lack 
the  common  sense,  planned  approach  to  problems  which  characterizes  every 
successful  business  organization.  Having  poured  huge  sums  into  biomedical 
research  and  the  training  of  scientists.  Congress  and  the  public  are  not      i 
satisfied  with  the  results. 

How  has  the  science  establishment  reacted  to  this  situation?  At  the  level 
of  the  large  professional  organizations,  there  has  been  a  veritable  deluge 
of  public  information  and  education  designed  to  demonstrate  to  one  and  all 
that  science  is  the  best  servant  mankind  could  possibly  have,  that  research 
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achievements  have  made  possible  incalculable  benefits  in  the  past  and  promise 
even  more  in  the  future.  There  is  now  a  constant  pressure  to  justify  his 
existence  which  is  added  to  those  ill-defined  but  pervasive  forces  which 
even  in  the  most  happy  circumstances  drive  eyery   researcher  to  explore  the 
unknown. 

If  I  were  to  select  one  aspect  of  life  at  NIH  which  is  importantly  different 
in  1976  from  the  way  it  was  in  1956,  I  would  say  that  there  was  greater 
freedom  to  fail  at  the  earlier  time.  In  my  view,  this  made  it  easier  to 
succeed.  Even  when  they  enjoy  boundless  support  and  unlimited  freedom, 
researchers  are  not  easy-going,  relaxed  individuals.  They  are  competitive 
and  hard-working;  their  satisfaction  and  self-esteem  depends  upon  their 
level  of  achievement  and  the  respect  in  which  they  are  held  by  their  col- 
leagues. They  tend  to  identify  their  institution  with  themselves  rather 
than  themselves  with  their  institution,  and  hence  they  are  convinced  that 
what  they  want  is  what  the  institution  needs.  It  seems  to  me  that  the 
developments  referred  to  above  have  served  to  intensify  the  natural  compe- 
titiveness at  every  level--between  Institutes,  between  disciplines,  between 
laboratories.  Each  seeks  augmented  support.  Not  only  is  it  believed  that 
expanded  programs  may  lead  more  quickly  to  the  cures  they  seek,  but  they 
probably  increase  the  chances  for  the  success  which  is  now  so  vital  for 
continued  existence.  As  the  limit  of  funding  is  reached,  the  more  persuasive 
are  able  to  increase  their  resources  more  rapidly  than  (or  in  rare  instances 
even  at  the  expense  of)  those  who  either  have  less  to  show  or  who  are  less 
skilled  at  communicating  what  they  have  achieved.  Colleagues  roam  the 
corridors  counting  empty  beds  or  noting  unused  hours  in  examining  room 
schedules,  requesting  their  transfer  to  fill  their  own  urgent  needs--all  this 
in  sincere  dedication  to  increasing  the  fund  of  important  new  knowledge. 

I  hasten  to  admit  that  I  have  painted  the  picture  in  the  extreme.  One  of  the 
great  strengths  of  NIH  continues  to  be  the  array  of  skills  available  when 
problems  arise  or  information  concerning  new  developments  is  urgently  re- 
quired. Consultation  and  collaboration  are  highly  valued,  and  all  recognize 
some  degree  of  interdependence.  In  fact,  the  productivity  of  NIH  can  in 
notable  measure  be  attributed  to  the  wealth  of  knowledge  readily  available 
to  the  individual  investigator  who  seeks  it.  He  gets  the  required  information 
while  the  need  is  still  pressing;  creative  thought  is  thus  supported. 

As  for  the  stream  of  requests  for  increased  support  which  in  their  totality 
are  more  than  we  can  possibly  grant,  there  is  and  probably  should  be  a 
certain  tension  between  those  who  control  resources  and  those  who  carry  on 
the  research  operation.  Negotiations  which  result  in  program  changes  are 
thereby  set  in  motion,  and  the  decisions  reached  are  made  only  after  search- 
ing consideration  of  alternative  proposals. 

The  Laboratory  of  Psychology  was  involved  in  a  major  program  reorganization 
during  the  past  year.  In  FY  1975,  Drs.  J.  Gewirtz  and  A.  Caron  had  moved 
with  Drs.  M.  Yarrow  and  C.  Waxier  to  join  with  investigators  from  the  Child 
Research  Branch  to  form  a  new  Laboratory  of  Developmental  Psychology,  headed 
by  Dr.  Yarrow.  In  this  fiscal  year,  there  was  a  further  division  of  the 
Laboratory  of  Psychology.  The  Section  on  Neuropsychology  was  constituted  as 
a  Laboratory  of  Neuropsychology  and  Dr.  H.E.  Rosvold  appointed  as  its  first 
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Chief.  The  remainder  of  the  laboratory  headed  by  Dr.  D.  Rosenthal  refocused 
its  interests  and  grouped  its  resources  as  the  Laboratory  of  Psychology  and   0 
Psychopathology. 

I  would  not  venture  to  predict  that  the  stringencies  of  the  setting  in  which 
we  function  today  will  be  less  productive  of  major  achievements  than  was  the 
case  in  easier  times.  There  possibly  may  be  truth  in  the  old  maxim 
"Necessity  is  the  mother  of  invention."  Investigators  may  work  all  the 
harder  to  find  ways  and  means  of  securing  the  data  and  knowledge  they  need 
if  the  customary  techniques  are  denied  them  due  to  budgetary  restrictions.    I 
In  the  years  ahead,  it  will  be  interesting  to  record  and  evaluate  the 
results  of  these  involuntary  experiments  in  research  management. 
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Annual  Report  of  the 

Acting  Director,  Division  of  Special  Mental  Health  Research 

National  Institute  of  Mental  Health 

July  1,  1975  -  June  30,  1976 

Richard  J.  %att,  M.D, 

In  n^  first  report  as  Acting  Director  of  the  Division  of  Special  Jfental 
Health  Ftesearch  I  will  not  discuss  the  Division's  many  contributions  to 
medical  knowledge.  These  can  be  found  in  the  individual  Laboratory  suimaries. 
Instead,  I  am  taking  this  opportunity  to  discuss  the  social  problems  that  the 
Division  faces  in  our  present  location. 

For  several  years,  spokesmen  for  the  National  Institute  of  Alcohol  Abuse 
and  Alcoholism,  which  has  an  independent  Laboratory  in  the  Vvilliam  Allison 
White  Building,  have  said  they  could  not  do  good  research  here  and  therefore 
wanted  to  move  to  the  Bethesda  campus.  Same  of  their  reasons  are  that  the 
facility  itself  is  inadequate  (poor  plumbing,  wiring,  heat,  air  conditioning, 
etc.),  it  is  difficult  to  attract  first-rate  researchers,  patients  will  not 
cons,  medical  back  up  for  good  patient  care  is  inadeqiaate,  and  the  location 
is  isolated  from  the  other  Institutes  with  which  they  would  like  to  interact. 
These  problems  do  exist,  but  I  believe  that  a  critical  evaluation  of  our  cvm 
Division  for  the  last  few  years  would  shew  that  no  similar  unit  in  the  world 
has  met  with  greater  success. 

These  two  statatients  appear  to  be  contradictions  and  in  fact  they  are. 
The  success  of  the  Division  has  required  enormous  effort  frcm  many  people, 
seme  luck  and  extraordinary  good  leadership  frcm  Drs.  Salitioiraghi ,  Bloon, 
Costa  and  in  my  absence.  Dr.  Gillin.  Drs.  Salmoiraghi  and  Bloon  have  now 
left  and  at  tlie  time  I  am  writing  this  report.  Dr.  Costa  is  in  the  hospital 
recovering  fron  a  myocardial  infarction  (a  fiiLl  recovery  is  expected) .  The 
success  is  there,  but  so  has  been  the  strain. 

In  addition  to  the  problems  the  Aloohol  Institute  finds,  our  Division 
has  faced  one  more:  that  of  insecurity.  Despite  reassurance  (for  vdiich  I  am 
personally  grateful)  fron  Drs.  Eberhart,  Cohen,  and  Brcvm,  the  feeling  of 
being  witlx)ut  a  hone  is  pervasive.  The  Hospital  has  been  a  cause  c^l^re, 
being  transferred  to  the  District  one  minute  and  not  the  next,  its  adminis- 
trators and  staff  being  sued  by  this  person  and  that  group  all  the  vdiile  under 
the  constant  threat  of  loss  of  accreditation.  While  under  this  barrage  frcm 
many  sources,  its  major  goal  is  to  provide  service  to  the  cotmunity  vvhich  a 
great  number  of  its  employees  do  admirably  well. 

Given  these  pressures,  it  is  understandable  that  the  Hospital  cannot 
always  be  the  best  host  for  waat  at  times  seans  like  an  expensive  luxury — 
namely  our  research.  While  our  relationship  with  the  Hospital  is  far  better 
new  than  it  has  been  in  many  years,  most  of  us  expect  that  the  Hospital  will 
be  transferred  to  the  District  of  Columbia  within  the  next  four  to  five  years 
and  with  that  expectation  cone  too  many  uncertainties.  It  is  my  belief  that 
many  of  our  most  cherished  personnel,  vjbo   are  contantly  being  offered  posi- 
tions outside  tlie  Government  at  far  better  salaries,  will  not  want  to  be  here 
when  the  transfer  occurs  no  matter  what  guaranties  are  made. 
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An  example  of  the  kind  of  difficulty  that  no  guarantee  can  prevent  is  a 
probloii  that  V7e  have  faced  numerous  times  during  tlie  last  year.  Many  of  our 
delicate  macliines,  human  metabolic  studies  as  vv-ell  as  survival  of  valuable 
aniriials  requires  that  we  have  uninterrupted  electrical  povc'er  or  notice  before 
the  power  will  be  shut  off.  hundreds  of  aniirals  have  died,  tiiousands  of 
dollars  and  several  man  years  v,"asted  in  repairs  of  machinery  and  numerous 
human  netabolic  studies  have  been  totally  disrupted  because  tlie  Hospital  h^as 
repeatedly  failed  to  notify  us  before  turning  off  the  povoer  for  electrical 
repairs  or  when  tiiey  know  brownouts  are  going  to  occur.  Siriiilar  experiences 
are  bo  be  found  elsevhere.  11  le  point  is  that  an  indifferent  Hospital  or  City 
Administrator  could  shut  down  our  scientific  achievements  in  a  matter  of  days. 

Most  of  us  find  working  at  Saint  Elizabeths  Hospital  has  many  rewards, 
would  like  to  contribute  to  the  Hospital's  successes,  and  despite  the  many 
problems,  are  not  anxious  to  leave.  Yet  conservative  estimates  are  that  the 
Hospital  will  be  transferred  to  the  District  in  four  years — a  short  time. 
Clear  cxantingency  plans  must  be  made  for  us  to  be  housed  in  another  facility 
to  keep  the  unit  together  and  attract  first-rate  outsiders  to  replace  those 
that  wish  to  depart. 

I  would  like  to  close  on  a  positive  note.  It  is  a  privilege  to  be  given 
the  resources  we  have  within  our  Division.  I  aia  grateful  and  appreciative  of 
the  opportunity  given  to  me  botli  as  a  Laboratory  Chief  and  as  Acting  Division 
Director  to  use  whatever  scientific  and  administrative  skills  I  have  in  a 
creative  and  useful  endeavor. 
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ANNUAL  REPORT  OF  THE  ADULT  PSYCHIATRY  BRANCH 
National  Institute  of  Mental  Health 
July  1,  1975  -  June  30,  1976 

William  E.  Bunney,  Jr.,  M.D. 

During  the  past  year,  the  staffing  of  most  of  the  Units  described  below  has 
been  completed.   Many  of  the  pharmacological  protocols  which  were  developed 
during  the  previous  two  years  have  finally  been  approved  through  the  various 
NIH  committees  and  the  FDA,  and  the  data  collection  phase  has  been  initiated. 
Laboratories  for  the  APB  were  opened  in  December  1975  after  a  long  delay  and 
Dr.  Candace  Pert  from  Johns  Hopkins  University  and  Dr.  Agu  Pert  from  the 
Edgewood  Arsenal  joined  the  Section  on  Biochemistry  and  have  already  proven 
to  be  particularly  valuable  and  creative  members  of  that  Section. 

The  morale  of  the  Branch  seems  to  have  been  relatively  high  during  the  1975- 
1976  period.   The  administrative  and  research  functioning  of  the  eight  sections 
or  units  in  the  APB  are  briefly  reviewed  below. 

The  Section  on  Neuropsychopharmacology  is  concerned,  primarily,  with  genetic, 
pharmacological,  biochemical  and  psychological  studies  of  acute  schizophrenia. 
Dr.  van  Kammen  assumed  responsibility  for  this  group  of  investigators  on 
July  1,  1975.   During  the  past  year,  studies  focusing  on  an  evaluation  of  the 
dopamine  hypothesis  have  been  completed.   These  involve  the  therapeutic  use 
of  pimozide,  the  most  specific  dopamine  receptor  blocker,  neuroendocrine 
studies,  and  diagnostic  studies  utilizing  i.v.  infusions  of  small  doses  of 
amphetamine . 

The  Section  on  Psychobiology  is  concerned  primarily  with  studies  of  affective 
illness  and  acute  psychosis.   The  Unit  Chief,  Robert  Post,  is  continuing  to 
show  excellent  administrative  and  scientific  leadership.   Dr.  Post's  group 
has  conducted  what  are  probably  the  first  studies  to  be  completed  in  dep- 
pressed  and  manic  states  utilizing  the  catecholamine  receptor  agonists,  clonidine 
and  piribedil  (ET-495) .   Studies  of  changes  in  calcium  metabolism  during  thera- 
peutic intervention  in  depressed  patients  have  been  completed. 

The  Unit  on  Childhood  Mental  Illness,  which  is  jointly  administered  with  the 
Laboratory  of  Clinical  Science  on  Ward  2-West,  has  experienced  a  productive 
year  after  a  good  deal  of  initial  trouble  in  organizing  a  program.   They  have 
now  admitted  their  35th  child  with  minimal  brain  dysfunction  (MBD) .   In  addi- 
tion, they  have  admitted  a  number  of  patients  with  Gilles  de  la  Tourette's 
Syndrome.   Behavioral  and  pharmacokinetic  data  is  being  accumulated  concerning 
the  utilization  of  amphetamine  in  MBD  or  hyperactive  children.   Dr.  Leon  Cytryn 
and  Dr.  Donald  McKnew  have  completed  a  high-risk  pilot  study  of  the  offspring 
of  patients  who  have  been  admitted  to  the  NIMH  in  the  last  ten  years  with  affec- 
tive illness.   A  high  incidence  of  pathology  has  been  observed  in  these  children. 

The  Unit  on  Studies  of  Drug  Abuse  continues  to  experience  difficulty  in  initiat- 
ing its  program.   Pharmacological  protocols  have  taken  a  great  deal  of  time  to 
clear  through  the  FDA  and  only  recently  have  three  been  approved.   Within 
the  past  month,  the  first  two  patients  have  been  admitted.   Data  collection  pro- 
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cedures  are  being  refined.   The  issues  of  continuity  of  program  management  and 
the  time  required  to  develop  contacts  throughout  the  community  in  order  to 
recruit  patients  must,  be  solved  over  the  next  few  years. 

Dr.  Elliot  Gershon  is  the  Unit  Chief  in  the  Section  on  Psychogenetics.   His 
program  has  now  evaluated  over  500  relatives  of  120  previous  NIMH  patients. 
Genetic,  biochemical,  and  psychological  data  is  being  collected  on  these 
patients  and  relatives.   It  is  anticipated  that  the  data  collection  phase  of^ 
the  study  will  continue  for  the  next  two  or  three  years. 


i 


The  Section  on  Biochemistry  finally  acquired  laboratories  during  the  past  yej 
and  enough  staff  for  creative  interaction.   Work  by  the  scientists  in  this 
Section  on  polypeptides  and  on  a  human  receptor  assay  in  lymphocytes  should 
prove  rewarding  in  the  near  future. 

Dr.  Monte  Buchsbaum  is  heading  the  Unit  on  Perceptual  and  Cognitive  Studies. 
This  unit  has  continued  its  usual  productivity  and  has  completed  an  outpatiej 
study  of  platelet  MAO  in  collaboration  with  Dr.  Dennis  Murphy. 

Drs.  Christian  Gillin  and  Richard  Wyatt  are  coordinating  the  scientific  effol 
of  the  Unit  on  Sleep.  This  unit  is  functioning  smoothly  in  terms  of  its  own| 
research  and  collaborative  studies  with  all  of  the  five  clinical  units. 

I  would  anticipate  that  it  will  require  another  two  to  three  years  before  al 
of  the  Units  will  be  fully  productive  in  terms  of  scientific  publications 
general  themes  continue  to  unite  many  of  the  programs  within  the  APB.   The   !• 
first  is  an  interest  in  the  metabolism  and  function  of  the  neurotransmitter, L 
dopamine.   Amphetamine,  whose  primary  mode  of  action  is  the  release  and  bloci 
of  reuptake  of  dopamine,  has  a  number  of  clearly  documented  behavioral  effec 
in  man.   1.  it  reverses  hyperactivity  in  hyperactive  children;  2.  it  can  proi 
a  psychotic  state  in  normal  man  in  high  doses  and,  in  small  doses,  can  exace 
symptomatology  in  schizophrenic  patients;  3.  it  can  decrease  narcolepsy.   4. 
can  also  precipitate  mania  in  some  individuals.   Thus  it  would  appear  that 
further  understanding  of  the  function  and  metabolism  of  dopamine  and  amphetai 
would  be  critical  to  our  understanding  of  these  illnesses. 

The  second  area  of  integrated  focus  in  the  Branch  is  the  study  of  neuronal   ! 
receptor  mechanisms.   It  is  known  in  animal  studies  and  in  man  that  receptor f 
sensitivity  can  be  altered  by  pharmacological  agents  and  by  disease  states . 
No  scientific  data  has  been  accumulated  to  date  to  explain  the  cyclic  nature  I 
of  manic-depressive  illness  nor  the  spontaneous  termination  of  mania  or  depr^ 
ion.   Theories  have  been  developed  within  the  Branch  which  suggest  that  one 
possible  mechanism  might  involve  alterations  in  neuronal  receptor  sensitivity 
The  role  of  neuronal  receptors  in  various  stages  of  affective  illness  and 
in  schizophrenia,  hyperactive  children,  and  chronic  amphetamine  and  cocaine 
addicts,  is  being  investigated.   Neuroendocrine  methods  are  being  developed 
such  studies.   The  Section  on  Biochemistry  is  developing  specific  methods  forj 
studying  receptor  function  in  man.   The  scientific  interests  of  Drs.  Agu  and 
Candace  Pert  and  Dr.  John  Tallman  all,  in  part,  involve  the  study  of  receptor/ 
The  basic  information  acquired  and  reviewed  by  this  group  is  being  directly 
applied  to  studies  in  man. 
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Finally,  a  major  effort  is  being  made  to  collaborate  with  other  components  in 
the  Intramural  Research  Program.   Samples  from  our  acute  schizophrenics  have 
been  analyzed  for  amine  metabolites  by  scientists  in  Dr.  Wyatt's  program. 
Collaborative  studies  on  platelet  MAO  have  been  conducted  between  Dr.  Buchsbaum 
and  Dr.  Murphy.   Dr.  Bunney  and  Dr.  Murphy  have  collaborated  on  a  number  of 
papers  concerning  receptors  and  have  just  finished  a  monograph  related  to  the 
neurobiology  and  mode  of  action  of  lithium  carbonate.   Dr.  Goodwin  and  Dr 
Gershon  have  collaborated  in  outpatient  studies  and  Drs.  Post  and  Goodwin  have 
collaborated  on  CSF  metabolite  studies  in  affective  illness.   Dr.  Ebert  and  Dr 
Brown  jointly  administer  the  program  on  childhood  mental  illness  and  have  an 
excellent  working  relationship.   A  joint  study  with  Dr.  Rogentine  in  the  Cancer 
Institute  continues  on  malignant  melanoma.   It  is  the  clearly-stated  philosophy 
of  the  Branch  that  the  various  units  within  the  Branch  not  only  conduct  their 
own  research  but  provide  collaborators  and  services  for  other  aspects  of  the 
Division,  since,  in  the  areas  of  clinical  and  basic  studies,  the  best  research 
moves  most  rapidly  through  coordinated  efforts. 
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Annual  Report  of  the  Laboratory  of  Clinical  Science 
National  Institute  of  Mental  Health 

Irwin  J.  Kopin,  M.D.,  Chief 
July  1,  1975  through  June  30,  1976 

Introduction 

The  research  programs  of  the  Laboratory  of  Clinical  Science 
span  a  broad  spectrum  ranging  from  fundamental  studies  at  a 
molecular  level  to  clinical  psychiatric  and  behavioral  investi- 
gations.  These  programs  are  carried  out  by  the  cooperative 
interaction,  as  well  as  independent  research,  of  six  relatively 
independent  sections  and  three  units  within  the  Office  of  the 
Chief.   Three  of  the  Sections  (Pharmacology,  Histopharmacology , 
and  Medicine)  are  engaged  mainly  in  basic  research  while  most  of 
the  clinical  investigations  are  carried  out  by  the  other  three 
Sections  (Psychiatry,  Clinical  Psychopharmacology ,  and  Experi- 
mental Therapeutics).   The  Units  (Clinical  Biochemistry,  Analyti- 
cal Biochemistry,  and  Pharmacological  Applications  of  Mass 
Spectroscopy)  carry  out  independent  research  on  the  development 
of  methods  useful  in  clinical  studies  and  play  a  major  role  in 
support  of  the  other,  particularly  the  clinical,  research 
operations. 

The  common  ultimate  objective  of  the  various  programs  of 
research  in  the  Laboratory  of  Clinical  Science  is  integration  of 
fundamental  knowledge  about  how  nerves  and  brain  function  with 
information  obtained  in  clinical  investigations  on  the  nature  of 
biological  abnormalities  found  in  neuropsychiatric  disorders. 
Thiis,  the  programs  of  fundamental  research  are  aimed  at  elucida- 
tion of  the  metabolic,  neurophysiologic,  genetic,  and  hormonal 
processes  which  influence  the  growth,  development  and  function 
of  neurones  and  synapses  and  how  drugs  or  environmental  changes 
alter  those  processes.   The  goal  of  the  clinical  investigations 
is  to  determine  the  biological  bases  of  abnormalities  in  brain 
function  and  the  Attendant  biochemical  aberations  and  to  under- 
stand how  drugs  are  distributed,  metabolized  and  affect  bio- 
logical processes  which  influence  mental  state  and  behavior.   The 
common  interests  of  the  basic  and  clinical  investigations  lead  to 
a  considerable  degree  of  cross-fertilization  and  collaboration 
between  the  various  independent  units  and  sections  in  the 
laboratory,  with  other  branches  of  the  Intramural  Program  of  NIMH 
and  with  other  institutes. 

Section  on  Pharmacology 
Julius  Axelrod,  Ph.D.,  Chief 

The  investigations  in  this  Section  continue  to  focus  on 
explaining  mechanisms  of  release  of  neurotransmitters  from  nerve 
endings,  how  neurotransmitters  interact  with  receptors  and  roles 
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of  biogenic  amines  and  other  putative  transmitters  in  the  nervous 
system  in  controlling  various  neuronal  and  neuroendocrine 
functions.  ^ 

Drs.  Diliberto  and  Viveros  have  continued  to  study  the 
protein  carboxymethyltransf erase  ("methanol-forming  enzyme"). 
Increased  protein  carboxymethylation  was  found  in  stimulated 
adrenal  chromaffin  cells.   It  appears  that  the  enzyme  may  provide 
an  important  link  between  excitation  of  cells  and  secretion  of 
their  contents.   Carboxymethylation  may  facilitate  exocytotic 
release  of  adrenaline  by  neutralizing  negative  charges  and  by    ^ 
modifying  the  protein  composition  of  the  outer  surface  of  the 
chromaffin  vesicle. 

There  is  new  evidence  that  dopamine  released  from  dendrites 
of  neurons  in  the  substantia  nigra  may  have  an  important  role. 
Drs.  Kebabian  and  Saavedra  have  shown  that  there  is  a  dopamine- 
sensitive  adenylate  cyclase  in  the  substantia  nigra.   Nigral 
dopamine  receptors  are  sensitive  to  drugs  which  are  useful  in 
treating  schizophrenia.   Thus,  the  substantia  nigra  may  mediate 
some  of  the  beneficial  effects  of  these  drugs. 

A  sensitive  micromethod  has  been  developed  for  assaying 
DOPAC  (Drs.  Kebabian  and  Saavedra).   Using  this  method  changes 
in  the  metabolism  of  dopamine  in  small  regions  of  the  brain  can 
be  examined. 

Protein  kinase  in  the  pineal  gland  is  stimulated  by  3- 
adrenergic  agonists  (Drs.  Zatz  and  O'Dea).   The  activity  of  this  ' 
enzyme  is  higher  in  "supersensitive"  than  "subsensitive"  glands 
and  it  may  be  involved  in  producing  the  alterations  in  respon- 
siveness of  cells  to  sympathomimetic  drugs. 

Levels  of  cyclic  GMP  in  the  pineal  gland  have  been  found  to 
increase  in  response  to  several  pharmacological  agents  (Drs. 
O'Dea  and  Zatz).   Different  factors  are  involved  in  regulating 
the  intracellular  concentrations  of  the  two  cyclic  nucleotides, 
cyclic  AMP  and  cyclic  GMP„ 

Changes  in  the  activity  of  the  epinephrine-forming  enzyme, 
PNMT,  have  been  found  in  specific  nuclei  of  the  brain  of  hyper- 
tensive animals  (Drs.  Saavedra,  Grobecker,  and  Axelrod) .   This 
finding  suggested  that  neurons  in  the  brain  which  contain 
epinephrine  might  be  involved  in  causing  hypertension.   Conse- 
quently, the  effects  of  a  drug  which  inhibits  PNMT  were  studied. 
This  drug  proved  to  be  a  potent  antihypertensive  agent  in  rats. 

Surgical  isolation  of  the  hypothalamus  from  the  rest  of  the 
brain  caused  LH-RH  and  TRH  to  decrease  markedly  in  the  hypo- 
thalamic "island"  (Drs.  Brownstein,  Kizer,  and  Palkovits) .   It 
is  likely  that  the  releasing  hormones  may  not  be  synthesized 
exclusively  in  the  medial  basal  hypothalamus. 
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The  regional  distribution  of  substance  P  in  the  brain  has 
been  determined  (Drs.  Brownstein,  Kizer,  Palkovits,  Leeman,  and 
Mroz) .   High  levels  of  the  peptide  were  found  in  the  substantia 
nigra.   Substance  P  disappears  from  this  region  after  lesions 
are  made  in  the  striatum,  implicating  substance  P  in  control  of 
movement  by  the  nigrostriatal  system. 

Section  on  Medicine 
Irwin  J.  Kopin,  M.D. 

Sensitive  and  specific  radioenzymatic  methods  for  assay  of 
catecholamines  in  the  plasma  of  animals  and  Man  have  been  applied 
to  evaluation  of  adrenergic  neuronal  function.   Drs.  Ziegler 
and  Lake  showed  that  the  levels  of  norepinephrine  in  plasma  are 
dependent  on  age.   When  a  large  number  of  hypertensive  subjects 
were  tested  by  a  standardized  procedure  to  control  for  postural 
changes,  anxiety  and  pain  attending  the  insertion  of  the  needle 
in  the  vein,  etc. ,  plasma  levels  of  norepinephrine  were  found 
to  be  the  same  as  in  normotensive  individuals  of  the  same  age. 
Other  groups  have  claimed  that  plasma  norepinephrine  levels  are 
elevated  in  hypertensive  siibjects,  but  the  control  groups, 
which  consisted  of  student  nurses,  medical  students,  etc.,  were 
younger  than  the  patients  and  thus  would  be  expected  to  have 
lower  levels  of  the  catecholamine.   Basal  levels  of  plasma 
norepinephrine  may  be  low  in  patients  in  whom  there  is  degenera- 
tion of  the  peripheral  sympathetic  nerves  (diabetics  with 
peripheral  neuropathy,  amyloid  disease,  some  types  of  idiopathic 
orthostatic  hypotension).   In  some  disorders  (e.g..  Familial 
Dysautomia)  the  basal  levels  of  plasma  norepinephrine  are  normal, 
but  there  is  railure  of  the  sympathetic  nervous  system  to  respond 
normally  and  the  levels  of  the  catecholamine  do  not  increase  with 
postural  change.   Catecholamine  levels  found  in  CSF  appear  to  be 
correlated  with  those  in  the  plasma  although  CSF  catecholamines 
are  not  derived  from  plasma.   Administration  of  probenecid, 
which  blocks  acid,  but  not  base,  transport  from  CSF  to  blood, 
is  sometimes  a  stressful  procedure  and  results  in  elevation  of 
levels  of  norepinephrine  in  both  CSF  and  plasma.   Thus,  care  is 
necessary  in  interpretation  of  the  elevation  by  probenecid  of 
metabolites  in  CSF. 

A  method  for  assay  of  dopamine  and  epinephrine  as  well  as 
norepinephrine  in  plasma  has  been  developed  by  Mrs.  Virginia 
Weise.   In  collaboration  with  Dr.  Dorothy  Krieger  (Mt.  Sinai 
Hospital,  New  York) ,  this  procedure  is  now  being  applied  to 
study  the  plasma  catecholamine  response  to  insulin-induced  hypo- 
glycemia in  patients  with  endocrine  disorders.   The  elevation  of 
epinephrine  appears  to  be  related  to  the  degree  of  fall  in  blood 
glucose  and  correlates  well  with  the  development  of  symptoms 
(palpitations,  anxiety,  dizziness,  etc.)  encoiintered  in  the 
patients. 
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A  method  for  obtaining  blood  samples  from  the  tail  artery 
of  unrestrained  rats  has  been  applied  by  Drs.  Popper  and  Chieuh  , 
to  study  of  plasma  catecholamine  changes  in  experimental  animals/ 
The  previously  reported  levels  of  plasma  catecholamines  in  rats 

(from  our  laboratory  as  well  as  others)  are  much  too  high  because 
of  the  stressful  procedures  used  in  obtaining  the  blood  samples. 
When  blood  is  collected  during  handling  of  the  rat,  levels  of 
the  catecholamines  increase.   They  are  further  increased  when 
the  animals  are  restrained.   Blood  collected  after  decapitation 

(even  within  the  first  5-10  seconds)  contains  much  greater       , 
quantities  of  the  amine  than  blood  obtained  from  unrestrained 
animals.   Previous  studies  in  which  anesthetics  were  found  to 
produce  decreases  in  plasma  catecholamines  must  now  be  interpreted 
to  indicate  that  the  anesthetics  prevent  elevation  of  catechola- 
mines.  These  studies  are  being  extended  to  study  the  effects 
of  drugs,  hormones,  genetic  hypertension,  etc.   Dr.  Anthony 
Zavadil  is  applying  similar  methods  for  assay  of  catecholamines 
to  fat  tissue.   It  is  hoped  that  fat  biopsies  obtained  by  hypo- 
dermic needle  puncture  can  be  assayed  for  norepinephrine  by  the 
radioenzymatic  method.   Such  fat  biopsies  can  also  be  used  to 
study  drug  distribution  and  enzymes,  such  as  tyrosine  hydroxy- 
lase in  Man. 

The  effects  of  halogenated  derivatives  of  a  variety  of 
phenylethanolamine  derivatives  are  being  examined  by  Dr.  Joseph 
Sun  to  determine  which  of  these  compounds  might  be  useful  as 
sympathomimetic  amines,  as  blockers  of  inactivation  by  neuronal 
uptake  of  catecholamines,  or  as  false  transmitters.    The  intro-  i 
duction  of  an  iodine  atom  appears  to  block  the  action  of  tyramine. 
A  bromine  atom  may  not  be  as  effective  in  preventing  the  norepi- 
nephrine releasing  actions  of  tyramine,  but  fluorine  appears 
not  to  alter  the  molecule  sufficiently  to  interfere  with  its 
actions. 

The  distribution  of  gamma-amino  butyric  acid  (GABA)  and  its 
synthesizing  enzyme,  glutamic  acid  decarboxylase  (GAD)  in 
various  brain  nuclei  and  in  the  hypothalamus  and  spinal  cord  has 
been  studied  by  Dr.  Marcel  Tappaz.   The  levels  of  GAD  are  highest 
in  the  substantia  nigra  and  vary  throughout  the  various  regions 
of  brain.   Levels  of  GABA  increase  very  rapidly  after  death;  the 
increments  are  related  to  the  levels  of  GAD  activity.   The  true, 
endogenous  levels  of  GABA  are  seen  only  when  microwaves  are  used 
to  destroy  the  enzymes  in  situ  before  removing  the  brain. 
Section  of  various  tracts  fails  to  alter  GAD  levels  in  the 
hypothalamus,  although  levels  of  dopamine- 3-hydroxylase  (DBH) 
are  strikingly  decreased.   This  suggests  that  the  GAD  is  present  (^ 
in  neurones  with  short  axons  (interneurones) ,  while  DBH  is  in 
axons  derived  from  other  areas.   GAD  is  being  isolated  in  pure 
form  (Dr.  Donald  Schmechel)  and  attempts  will  be  made  co  obtain 
antibodies  to  the  enzyme  and  localize  it  in  brain  using 
immunological  techniques. 

( 
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Dr.  Antonia  Liuzzi  has  continued  her  studies  on  the  effects 
of  NGF  and  has  found  that  this  growth  factor  elevates  levels 
of  serotonin  in  sympathetic  ganglia  and  iris.   The  specificity 
of  this  change  and  its  relation  to  an  immunological  process  is 
under  study. 

Drs.  Thoa,  Maengwyn-Davies,  and  Tizabi  have  found  that 
while  phenobarbital  prevents  the  elevation  of  adrenal  tyrosine 
hydroxylase  when  given  before  exposure  of  a  mouse  to  attack  by 
an  aggressive  mouse,  the  drug  is  ineffective  when  given 
immediately  after  a  10-minute  exposure.   This  indicates  that 
the  response  to  the  stress  is  triggered  during  the  attack  and 
cannot  be  reversed  by  the  drug  once  the  stress  has  been  endured, 
even  though  the  changes  in  enzyme  level  may  actually  occur  hours 
later. 

The  responses  of  mice  to  amphetamine  have  been  considered 
to  constitute  a  single  syndrome,  but  Dr.  Popper  has  shown  that 
the  time  of  appearance  and  subsequent  course  of  the  various 
behavioral  responses  and  their  relation  to  amphetamine  dosage 
indicates  that  there  are  subgroups  of  behaviors.   One  group  of 
behaviors  appears  at  relatively  low  doses  of  amphetamine  and  is 
unsustained  while  others  occur  only  at  higher  doses  and  are 
more  sustained.   Thus  different  processes  are  being  affected 
for  different  times  by  the  varying  doses  of  the  drug. 

Section  on  Histopharmacology 
David  Jacobowitz,  Ph.D. 

The  Section  on  Histopharmacology  continues  to  study  the 
aminergic  neuronal  systems  in  the  central  and  peripheral  nervous 
system  using  a  variety  of  histochemical  and  chemical  techniques 
combined  with  other  procedures  designed  to  alter  neuronal 
function  or  examine  brain  development. 

An  atlas  of  the  localization  of  catecholaminergic  neurons 
and  serotonergic  cell  bodies  of  the  monkey  brain  has  been  pre- 
pared in  collaboration  with  Dr.  Paul  McLean.   Changes  in  levels 
and  turnover  of  catecholamines  in  discrete  regions  of  the  rat 
brain  during  self-stimulation  of  the  ventromedial  tegmental 
area  have  been  demonstrated.   A  significant  increase  in  the 
norepinephrine  concentration  was  observed  in  the  nucleus 
accumbens,  olfactory  tubercle,  nucleus  amygdaloideus  centralis 
and  the  dorsal  noradrenergic  bundle.    A  significant  increase 
in  the  dopamine  concentration  was  observed  only  in  the  olfactory 
tubercle.   Following  pretreatment  of  rats  with  alpha-methyl- 
tyrosine,  an  inhibitor  of  catecholamine  synthesis  self -stimula- 
tion resulted  in  significantly  greater  decreases  in  the 
norepinephrine  concentrations  in  the  piriform  cortex  and  dorsal 
noradrenergic  bundle  and  a  significantly  greater  decrease  in 
the  dopamine  concentration  in  the  olfactory  tubercle.   These 
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results  suggest  that  the  activity  in  the  olfactory  tubercle 
reflects  a  physiological  involvement  in  positive  rewarding 
mechanisms. 


(■ 


Further  studies  on  electrode  implantation  in  serotonin- 
containing  raphe  nuclei  revealed  that  high  self-stimulation  rates 
are  elicited  by  placement  of  the  electrode  in  the  median  raphe 
(nucleus  centralis  superior)  suggesting  that  serotonin,  as  well 
as  catecholamines,  may  be  the  basis  of  positive  reward.   It  was 
also  shown  that  self- stimulation  of  the  median  raphe  results  in   / 
a  rapid  increase  in  rectal  temperature.   The  dramatic  hyperthermia 
which  accompanies  self-stimulation  of  a  serotonergic  area,  and 
its  facilitation  following  blockade  of  serotonin  reuptake, 
supports  the  hypothesis  that  release  of  serotonin  at  the  terminals 
mediates  a  hyperthermic  mechanism. 

Studies  of  discrete  areas  of  the  brains  of  obese  hyperphagic 
rats  showed  that  there  is  a  significant  decrease  in  the  norepi- 
nephrine level  in  the  paraventricular  nucleus  of  the  hypothalamus 
and  an  increase  of  this  amine  in  the  median  eminence.   No  changes 
in  norepinephrine  or  dopamine  were  observed  in  eight  other 
hypothalamic  areas.   This  is  of  interest  in  view  of  the  fact  that 
a  prior  study  showed  that  injection  of  norepinephrine  into  the 
paraventricular  nucleus  elicits  eating. 

A  histochemical-biochemical  study  of  the  origin  of  nor- 
adrenergic innervation  in  the  central  grey  catecholamine  area 
near  the  serotonin- containing  dorsal  raphe  cell  bodies  indicated  ^ 
that  the  ventral  noradrenergic  pathway  contributes  about  35%, 
while  the  locus  coeruleus  contributes  about  22%  of  the  norepi- 
nephrine in  the  central  grey  catecholamine  area.   It  has  been 
postulated  that  catecholamines  in  the  central  grey  area  may  play 
an  important  physiologic  role  in  the  modulation  of  sleep-wake- 
fulness  cycles. 

Dissociated  chick  embryo  lumbar  paraventebral  sympathetic 
ganglion  cells  were  grown  in  culture.   Without  nerve  growth 
factor,  the  ganglion  cells  die  while  chromaffin  cells  (SIF  cells) 
survive  for  several  weeks.   Cultured  chick  embryo  chromaffin 
cells  synthesize  and  contain  beta-hydroxylated  catecholamines, 
strongly  suggesting  that  the  principle  monoamine  synthesized  by 
the  cultured  chromaffin  cells  to  synthesize  beta-hydroxylated 
catecholamines  was  inferred  from  the  demonstration  of  their  DBH 
activity.   Very  low,  but  detectable  levels  of  PNMT,  were  also 
detected  in  the  cultured  cells.   The  magnitude  of  PNMT  activity,  ^ 
especially  when  compared  with  DBH  activity,  suggests  that  the      % 
most  prevalent  catechlamine  produced  by  the  cultured  chromaffin 
cells  is  norepinephrine  rather  than  its  methylated  derivative, 
epinephrine. 
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Chronic  isolation  (3  months)  of  rats  results  in  an  increase 
in  the  steady  state  levels  of  norepinephrine  in  the  cingulate 
and  entorhinal  cortices  and  a  decrease  in  the  nucleus  amygda- 
loideus  centralis  and  hippocampus.    An  increase  was  observed 
in  the  dopamine  concentration  of  the  entorhinal  cortex.   In 
order  to  get  a  measure  of  the  turnover  of  catecholamine  in 
chronically  isolated  animals  the  rats  were  injected  with  alpha- 
methyl-  tyrosine.   A  significant  decrease  in  the  turnover  of 
norepinephrine  was  observed  in  the  cingulate  cortex,  para- 
ventricular nucleus,  hippocampus,  caudate  nucleus,  nucleus 
interstitialis  stria  terminalis  and  nucleus  amygdaloideus 
centralis.   A  decrease  in  dopamine  turnover  was  observed  in  the 
nucleus  amygdaloideus  centralis  but  there  was  an  increase  in 
dopamine  turnover  in  the  olfactory  tubercle.   Thus,  prolonged 
isolation  causes  changes  in  levels  and  turnover  of  catechola- 
mines in  some,  but  not  all,  regions  of  the  brain.   Whether  the 
changes  in  amine  levels  or  turnover  rates  is  a  primary  event 
or  reflect  a  secondary  effect  following  an  initial  over-stimula- 
tion cannot  be  ascertained  until  a  time-course  study  is  performed. 

Section  on  Psychiatry 
Frederick  K.  Goodwin,  M.D. 

Clinical  studies  of  patients  with  affective  and  schizo- 
affective illnesses  entail  biochemical,  pharmacological  and 
behavioral  observations.   The  new  research  diagnostic  criteria 
of  Spitzer,  et  al,  are  being  evaluated.   Application  of  the  SADS 
(Schizophrenia  and  Affective  Disorder  Rating  System)  instrument 
has  been  implemented,  with  the  goal  of  increasing  the  precision 
of  diagnostic  and  clinical  descriptive  subtypings  for  later 
correlations  with  responses  of  biological  and  pharmacological 
variables.   In  collaboration  with  Drs.  Post  and  Murphy,  a  self- 
rating  scale  covering  a  wide  range  of  symptoms  has  been  developed 
and  is  being  applied  to  several  ongoing  studies. 

Patients  with  well-established  histories  of  regular  cycles  or 
affective  disorders  are  being  studied  with  particular  emphasis  on 
whether  the  predicted  "switch"  days  can  be  advanced  or  retarded 
by  various  behavioral  modifications  such  as  sleep  deprivation, 
day-night  reversal,  or  maintaining  the  patient  on  several 
consecutive  "21-hour  days."   Preliminary  evidence  suggests  that 
a  series  of  21-hour  days  can  result  in  a  change  in  cycle  length 
in  the  predicted  direction. 

In  collaboration  with  Drs.  Magda  Claeys  and  Markey, 
Dr.  Muscettola  has  studied  levels  of  imipramine  (IMI)  and 
desmethylimipramine  (DMI)  in  the  plasma  and  CSF  of  patients 
receiving  IMI  as  an  antidepressant.   There  is  a  very  high 
correlation  between  the  level  of  both  drugs  in  plasma  and  in 
CSF,  but  the  ratio  of  DMI  to  IMI  is  higher  in  the  CSF  (2.0) 
than  in  the  plasma  (1.2);  this  has  important  implications  since 
the  effects  of  IMI  administration  on  the  serotonin  metabolite 
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in  CSF  shows  a  positive  correlation  with  IMI  levels  but  no 
correlation  with  DMI  levels.   These  findings  may  have  implica- 
tions for  studies  which  use  measurements  of  amine  metabolites 
to  predict  antidepressant  responses  to  different  tricyclic 
antidepressants  (see  below) . 

Studies  of  metabolites  of  amines  in  CSF  utilize  probenecid 
to  block  transport  of  acid  metabolites  from  the  CSF  to  blood. 
Continued  collection  of  data  on  drug-free  depressed  patients 
has  resulted  in  a  total  sample  size  large  enough  to  examine 
the  possibilities  of  the  existence  of  subgroups.   A  non-normal, 
apparently  bimodal,  distribution  is  evident  for  the  rate  of 
probenecid-induced  accumulation  of  the  serotonin  metabolite 
(5HIAA) .   The  "low"  5HIAA  subgroup  of  depressed  patients  appears 
to  have  a  significantly  later  age  of  onset,  is  predominantly 
female,  and  has  a  significantly  lower  response  rate  to  IMI 
with  a  trend  towards  a  more  favorable  response  rate  to 
amitriptyline . 

Evaluation  of  the  effects  of  psychoactive  drugs  on  CSF 
amine  metabolites  has  focused  particularly  on  time-dependent 
effects.   After  two  to  three  weeks  of  lithium  therapy,  a 
decrease  in  the  probenecid-induced  accumulation  of  5HIAA  was 
found,  but  in  further  evaluations  of  the  more  acute  effects 
of  lithiiam  on  this  metabolite,  the  results  are  more  variable; 
most  patients  show  a  slight  decrease  or  no  significant  change 
in  5HIAA.   Significant  differences  in  probenecid-induced 
accumulation  of  5HIAA  and  HVA  have  been  found  between  lithium 
responders  and  non-responders,  opposite  to  the  direction  found 
in  tricyclic  responders  and  non-responders. 

In  collaboration  with  Mrs.  Edna  Gordon,  VMA  in  the  CSF  has 
.been  found  to  be  significantly  lower  in  depressed  patients  com- 
pared to  neurological  controls,  manics  or  acute  schizophrenics, 
paralleling  previous  findings  with  MHPG.   The  bipolar  II  siob- 
group  (patients  with  a  history  of  recurrent  depression  and 
hypomania)  show  significantly  lower  VMA  values  than  the  patients 
in  unipolar  or  bipolar  I  subgroups. 

In  collaboration  with  the  National  Naval  Medical  Center, 
a  study  of  CSF  amine  metabolites  in  alcoholics  in  the  withdrawal 
phase  and  on  antabuse  treatment  has  been  undertaken;  findings 
indicate  increased  levels  of  5HIAA  during  acute  withdrawal  of 
alcohol.   It  has  also  been  found  that  antabuse  (disulfiram)  is 
associated  with  a  significant  decrease  in  HVA. 

Urinary  3-methoxy-4-hydroxy-phenylglycol  (MHPG) ,  a  norepi- 
nephrine metabolite,  is  influenced  by  a  variety  of  factors  such 
as  stress,  diet,  and  physical  activity  in  depressed  patients, 
but  not  in  normal  controls.   This  observation  raises  an 
important  methodological  question  concerning  the  usefulness  of 


normal  subjects  as  controls  for  the  contribution  of  these  vari- 
ables to  amine  metabolite  changes  in  depressed  patients  and 
suggests  that  defective  "buffering"  systems  for  the  regulation 
of  norepinephrine  turnover  should  be  considered  in  affective 
illness.   There  is  a  clear  diurnal  pattern  for  urinary  MHPG 
excretion  in  normal  controls,  but  this  has  not  been  demonstrable 
in  depressed  patients;  the  role  of  medication  in  relation  to 
this  difference  has  yet  to  be  fully  evaluated.   In  both  patients 
and  normal  controls  there  appears  to  be  a  positive  correlation 
between  urinary  MHPG  excretion  and  blood  pressure.   In  depressed 
patients  this  correlation  is  approximately  0.5  and  is  only  found 
for  systolic  blood  pressure,  while  in  the  normal  subjects  both 
systolic  and  dystolic  blood  pressure  correlate  with  urinary 
MKPG  (R=  0.7,  0.9,  p  <  .001).   Longitudinal  studies  of  urinary 
MKPG  in  cyclic  manic-depressive  patients  indicate  that,  in  the 
same  patient,  greater  amounts  of  this  metabolite  are  excreted 
in  the  manic  phases  than  in  the  depressive  phases.   However,  it 
appears  that  the  urinary  MHPG  alterations  follow  an  arrhythmic 
pattern  of  fluctuation  which  is  somewhat  out  of  phase  with  the 
mood  cycle.   To  examine  possible  cause-effect  relationships, 
this  data  is  now  being  subject  to  time-series  analysis,  including 
complex  demodulation. 

Previous  work  done  in  collaboration  with  Dr.  Murphy,  showed 
that  (L- tryptophan,  at  doses  up  to  9  gms  a  day)  produces  little 
or  no  antidepressant  or  antimanic  effects.   When  this  amino  acid 
precursor  of  serotonin  is  administered  following  pretreatment 
with  lithium,  however,  behavioral  effects  become  apparent. 
Preliminary  data  suggest  that,  used  in  this  way,  tryptophan  has 
some  antidepressant  effects,  and  in  high  doses  may  have  psychoto- 
genic  effects,  particularly  in  individuals  who  are  already  manic. 
In  a  related  study,  lithiim  pretreatment  appears  to  prevent  the 
elevation  in  CSF  of  5HIAA  usually  associated  with  L-tryptophan 
administration. 

The  efforts  of  sequential  administration  of  haldol  and 
imipramine  to  depressed  patients  is  being  examined  on  the  basis 
of  an  accidental" clinical  observation  suggesting  potentiation  of 
imipramine  by  haldol.   Administration  and  subsequent  withdrawal 
of  haldol  might  result  in  receptor  supersensitivity  of  catechola- 
minergic  receptors,  with  subsequent  potentiation  of  the  tri- 
cyclic antidepressant. 

Triiodothyronine  (T3)  appears  to  potentiate  tricyclic 
antidepressant  effects  in  patients  who  fail  to  respond  to  the 
drug.   T3  does  not  effect  the  levels  of  imipramine  or 
desme thy 1 imipramine  in  plasma  or  CSF  nor  does  it  appear  to 
potentiate  the  acute  antidepressant  response  to  lithium. 
Studies  have  been  initiated  to  examine  possible  potentiation 
of  the  response  of  tricyclic  antidepressants  in  females  using 
estrogen  compounds. 
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In  collaboration  with  Dr.  Post,  the  efficacy  of  pimozid 
in  the  treatment  of  manic  psychosis  is  under  investigation.   This 
drug  is  being  compared  with  chlorprom.azine  as  a  reference  neuro- 
leptic.  Some  manic  patients  have  responded  dramatically,  but 
others  have  shown  only  a  gradual  and  incomplete  improvement. 
Enhanced  probenecid-induced  accumulation  of  HVA  in  CSF  of  patients 
on  pimozid  is  not  as  consistent  as  is  seen  in  patients  treated 
v/ith  chlorpromazine. 

Longitudinal  studies  of  behavioral,  physiological,  and 
biochemical  variables  in  patients  with  affective  illness  are 
being  conducted  by  Dr.  Thomas  Wehr.   Some  patients  with  regularly 
cycling  bipolar  affective  illnesses  show  circadian  desynchroniza- 
tion  in  temperature  so  that  the  normal  rhythm  is  no  longer 
"locked  in"  to  the  environmental  day/night  cycle,  but  tends  to 
drift  in  and  out  of  phase.   Alteration  in  this  normal  cycle  has 
not  only  been  found  to  occur  spontaneously  in  some  patients,  but 
can  be  manipulated  by  such  procedures  as  day/night  reversal  and 
artificial  21-hour  days. 

In  collaboration  with  the  Section  on  Technical  Development 
a  new  ambulatory  non-telemetric  physiological  monitor  has  been 
developed  and  tested  in  both  in-patients  and  outpatients.   Using 
these  monitors  clear  and  significant  differences  in  activity 
between  manic  and  depressed  patients  can  be  demonstrated  and 
sleep  stages  monitored.   The  relationship  between  biological 
rhythms  and  various  neuroendocrine  parameters  in  cyclic  manic- 
depressive  illness  has  also  been  explored.   In  patients  with 
cyclic  manic-depressive  illness,  there  appears  to  be  an  abnor- 
mality in  the  daily  excretion  of  prolactin. 

A  group  of  neuroendocrine  studies  have  been  undertaken  by 
Dr.  Philip  Gold.   Arginine,  TSH,  and  LRF  are  administered 
simultaneously  and  blood  levels  in  TSH,  prolactin,  growth 
hormone,  FSH,  and  LH  are  examined.   Since  each  of  these  systems 
are  regulated  by  aminergic  pathways  which  may  be  different  but 
overlap,  the  integrated  evaluation  may  allow  for  a  more  precise 
"window"  into  brain  amine  systems.   Previous  reports  of  a 
blunted  TSH  response  to  TRH  in  depressed  patients  have  been  con- 
firmed and  a  significant  difference  between  unipolar  (lower)  and 
bipolar  (higher)  has  been  found.   The  response  to  TSH  is  negatively 
correlated  with  probenecid-induced  accumulation  of  5HIAA  in  CSF, 
and  positively  correlated  with  CSF  levels  of  MHPG. 

Studies  of  the  response  of  urinary  excretion  of  free 
Cortisol  have  confirmed  that  some  depressed  patients  fail  to      i 
suppress  Cortisol  excretion  in  response  to  dexemethasone . 

Outpatient  studies  have  been  expanded  to  examine  and  follow 
up  patients  in  a  "well  state"  during  maintenance  on  lithium 
combined  with  psychotherapy,  and  for  comparison  of  the  efficacy 
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of  lithium  versus  lithium  plus  imipramine  in  preventing  recur- 
rence of  affective  illness. 

Under  the  direction  of  Dr.  Paul  Marangos,  studies  have  been 
initiated  on  brain  proteins  and  polypeptides  and  how  they  are 
altered  by  psychoactive  drugs.   Dr.  Marangos  has  continued  work 
(started  at  the  Roche  Institute)  on  nerve  specific  protein,  and 
has  characterized  it  as  having  enolase  properties.   The  proteins 
in  the  CSF  of  various  patient  groups  is  underway,  and  immunoassays 
are  being  developed  for  melatonin  and  for  other  compounds  which 
may  be  present  in  human  CSF. 

Section  on  Clinical  Neuropharmacology 
Dennis  Murphy,  M.D.,  Chief 

The  Section  on  Clinical  Neuropharmacology  has  continued  its 
studies  of  biological  and  psychological  effects  of  drugs  of 
potential  use  in  the  treatment  of  affective  disorders.   Drugs 
affecting  serotonin  have  been  a  particular  focus  of  investigation, 
following  evidence  from  previous  studies  here  indicating  that 
L- tryptophan,  the  serotonin  precursor,  had  antidepressant  and 
antimanic  effects  in  the  bipolar  depressed  patient  subgroup . 

Clinical  studies  examining  the  potential  antidepressant  and 
antimanic  effects  of  fenfluramine,  a  drug  with  predominant 
serotonin  agonist  effects,  have  demonstrated  definite  therapeutic 
efficacy  in  some  patients.   Preliminary  studies  by  Drs .  Slater, 
de  la  Vega,  Lake  and  Ziegler  of  the  effects  of  fenfluramine  on 
biological  measures  such  as  plasma  prolactin  and  other  neuro- 
endocrine parameters  and  on  plasma  norepinephrine,  dopamine- 3- 
hydroxylase  and  monoamine  oxidase  as  well  as  on  sleep  and  blood 
pressure  have  verified  that  this  drug  has  multiple  effects  on 
measures  relevant  to  the  behavioral  changes  observed.   Because 
of  the  evidence  that  some  of  the  therapeutic  effects  of  lithium 
carbonate,  and  possibly  also  the  MAO  inhibiting  antidepressants 
may  be  mediated  via  serotonergic  mechanisms,  these  same  biological 
measures  are  being  studied  by  Drs.  Slater,  Lipper  and  On'gele, 
together  with  other  NIMH  and  NHLI  collaborators,  in  patients 
receiving  lithium,  using  the  identical  research  protocol.   As 
earlier  studies  in  patients  revealed  marked  elevations  in  urinary 
tryptamine  and  platelet  serotonin  in  patients  receiving  the  MAO- 
inhibiting  drug  phenelzine,  the  effects  of  the  chronic  administra- 
tion of  phenelzine  on  serotonin  synthesis  and  metabolism  in 
animals  are  being  examined  by  Dr.  Campbell.   The  results  of  these 
studies  may  better  define  the  enzymatic  and  metabolic  basis  for 
the  sequential  behavioral  and  biological  changes  observed  in  Man 
and  animals  during  treatment  with  this  drug. 

In  other  clinical  studies,  Drs.  Slater,  de  la  Vega,  and 
On'gele  have  conducted  detailed  endocrinologic,  sleep  and 
behavioral  studies  of  a  small  group  of  patients  with  severe  cyclic 
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behavioral  abnormalities  closely  related  to  the  menstrual  cycle. 
Dr.  Lipper  has  performed  an  innovative  and  comprehensive  study  of 
a  patient  with  hyperparathyroidism  and  severe ,  treatment- 
resistant  depression.   Lithium  administration  in  this  patient 
was  found  to  reduce  markedly  urinary  calcium  excretion  in  a  dose- 
related  fashion;  preliminary  evidence  indicates  that  cyclic  AMP 
excretion  and  parathormone  levels  were  also  altered.    In  studies 
completed  this  year  with  Drs.  Gerner  of  NIMH  and  Speigel  of  NHLI , 
lithium  administration  was  found  to  not  alter  the  urinary  cyclic 
AMP  response  to  parathormone  administration  in  eight  other 
patients  with  affective  disorders  -  in  contrast  to  previous 
studies  conducted  here  and  elsewhere  indicating  that  lithium 
inhibits  adenylate  cyclase  and  cyclic  AMP  changes  in  response  to 
almost  all  other  hormones  studied. 

Studies  of  platelet  MAO  activity  in  various  types  of  psy- 
chiatric illnesses  have  been  replicated  both  here  and  elsewhere, 
with  most  laboratories  reporting  reduced  platelet  MAO  activity 
in  patients  with  chronic,  but  not  acute,  schizophrenia,  and  in 
patients  with  bipolar,  but  not  unipolar,  affective  disorders. 
In  collaboration  with  Dr.  Redmond,  studies  on  rhesus  monkeys  have 
provided  more  evidence  that  sex  steroid  changes  contribute  to 
individual  differences  in  MAO  activity,  and  have  also  docximented 
sex  -  specific  behavioral  correlates  of  individual  differences 
in  MAO  activity.   In  normal  college  students  personality  profiles 
appear  to  be  correlated  with  platelet  MAO  activity. 

Under  the  direction  of  Dr.  Jonathan  Costa,  the  Section  has 
continued  the  examination  of  platelets  as  a  model  for  the  study 
of  the  uptake,  storage  and  metabolism  of  serotonin  and  other 
biogenic  amines.   In  particular,  we  have  been  able  to  define  more 
critically  some  of  the  determinants  of  amine  binding  in  platelet 
storage  vesicles.   For  example,  in  studies  quantitating  amine 
packet  size  using  electron  microscopy,  formaldehyde  fixation  and 
thrombin- induced  release,  we  have  demonstrated  that  vesicles  in 
circulating  human  platelets  are  undersaturated  by  about  50%  with 
respect  to  serotonin  storage  capacity.   Amine  uptake  at  the 
vesicle  m.embrane  has  now  clearly  been  demonstrated  to  be  inhibited 
by  the  tricyclic  antidepressant,  imipramine,  a  drug  which  has  been 
previously  considered  to  be  primarily  an  uptake  inhibitor  at  the 
plasma  membrane.   The  vesicular  amine  uptake  process  accommodates 
amines  other  than  serotonin,  including  dopamine,  octopamine , 
tyr amine  and  tryptamine  but  not  norepinephrine.   However,  these 
amines  appear  to  be  less  well  bound  within  the  vesicle  than  is 
serotonin.   Further  studies  of  the  characteristics  of  vesicle 
amine  binding  and  amine  metabolism  in  platelets  by  MAO  are  being 
conducted  using  f luro-substituted  analogs  of  serotonin  and 
tyramine. 
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Section  on  Experimental  Therapeutics 
Michael  Ebert,  M.D.,  Acting 

The  Section  on  Experimental  Therapeutics  has  expanded  the 
2-West  clinical  research  unit  to  full  capacity  as  a  metabolic, 
psychosomatic,  and  childhood  mental  illness  service.   The  clinical 
service  has  admitted  and  studied  a  variety  of  adult  and  pediatric 
patients  with  neuropsychiatric  disorders.   The  disorders  studied 
have  included  minimal  brain  dysfunction,  Gilles  de  la  Tourette 
syndrome,  Huntington's  dementia,  Altzheimer's  disease,  Korsakoff's 
syndrome,  tardive  dyskinesia,  anorexia  nervosa,  sarcosinemia. 
Shy  Drager's  syndrome,  and  narcolepsy.   The  clinical  studies 
performed  fall  into  the  categories  of  metabolic,  psychosomatic, 
and  neuropsychiatric. 

A  study  of  methyl  group  balance  in  a  single  patient  with 
sarcosinemia,  a  rare  disorder  of  amino  acid  metabolism,  was  con- 
cluded during  the  first  half  of  this  year  by  Drs.  Mudd  and  Ebert. 
The  patient's  enzymatic  defect  in  sarcosine  dehydrogenase  allowed 
estimation  of  the  turnover  and  recycling  of  methyl  groups  by  the 
excretion  rate  of  sarcosine.   A  quantitative  estimate  of  the  rate 
of  methyl  group  recycling  was  made,  and  it  was  demonstrated  that 
there  is  a  threshold  level  of  methyl  group  intake  above  which 
methylneogenesis  is  shut  off. 

Metabolic  studies  were  directed  at  the  development  of 
quantitative  techniques  for  the  assessment  of  central  and 
peripheral  catecholamine  metabolism  in  vivo.   In  one  study, 

'*C-dopamine  was  administered  to  patients  to  label  peripheral 
norepinephrine  stores  and  the  specific  activities  of  two  metabo- 
lites of  norepinephrine,  3-methoxy-4-hydroxy  phenylglycol  (MHPG) 
and  3-methoxy-4-hydroxy  mandelic  acid  (VMA) ,  were  determined  in 
urine  (Drs.  Ebert  and  Kopin) .   To  increase  the  accuracy  of  these 
determinations,  an  effort  was  made  to  measure  the  unlabelled  VMA 
and  MHPG  by  gas  chromatography-mass  spectrometry  instead  of  by 
electron  capture  gas  chromatography.   This  required  the  synthesis 
of  milligram  amounts  of  deuterated  MHPG  and  VMA,  which  was  carried 
out  in  collaboration  with  Dr.  Markey. 

Administration  of  probenecid  to  block  removal  of  acid 
metabolites  from  CSF  to  blood  is  used  to  study  amine  metabolism 
in  patients  with  neurological  and  psychiatric  disorders.   Intra- 
venous administration  has  been  shown  to  be  feasible  (Drs. 
Kartzinel,  Ebert  and  Chase) .   Its  advantages  over  oral  probenecid 
are  that  fewer  noxious  side  effects  are  encountered,  the  kinetics 
of  probenecid  metabolism  can  be  studied  and  the  duration  and 
degree  of  block  of  acid  transport  systems  are  more  predictable 
and  uniform  from  patient  to  patient.   Because  of  dosage  limitations, 
however,  intravenously- administered  probenecid  does  not  produce 
elevations  in  acid  metabolites  that  are  as  high  as  those  produced 
by  oral  probenecid  (100  mg/kg) . 
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A  metabolic  and  pharroacological  research  program  in  child- 
hood mental  illness  has  been  fully  underway  during  the  past  year.  ^ 
Behavioral  and  cognitive  responses  to  d- amphetamine  have  been 
studied  in  about  thirty  children  with  minimal  brain  dysfunction 
(or  hyperactive  syndrome)  (Drs.  Hunt,  Brown,  and  Ebert) .   Plasma 
levels  of  amphetamine  are  determined  by  a  specific  and  sensitive 
radioimmunoassay.   The  relation  of  plasma  amphetamine  levels  to 
behavioral  response  as  indicated  by  activity-monitoring  devices 
worn  by  the  child  and  by  the  Connor's  10  item  rating  scale  are 
under  study  in  an  attempt  to  define  optimum  plasma  levels  of       (^ 
amphetamine  for  clinical  improvement.   Related  collaborative 
studies  underway  with  hyperactive  children  include  psycho- 
physiological studies  (average  evoked  response  determined  by 
Dr.  Monte  Buschbaiim)  ;  psychoiinguistic  studies  (Dr.  Christie 
Ludlow,  NINCDS) ;  and  cognitive  studies  (Dr.  Marion  Fisher, 
University  of  Maryland,  Department  of  Psychology) . 

Several  patients  with  anorexa  nervosa  have  been  studied 
although  these  are  difficult  to  recruit  and  to  work  with.   The 
major  goals  are  to  evaluate  central  amine  metabolism  in  these 
patients  using  probenecid  and  other  procedures  described  above, 
and  to  conduct  therapeutic  drug  trials  based  on  current  hypotheses 
about  neurotransmitter  systems  regulating  appetite.   A  double- 
blind  therapeutic  trial  of  lithium  is  currently  underway. 

The  neuropsychiatric  studies  begun  last  year  with  Huntington's 
disease  have  been  expanded  by  Drs.  Caine  and  Weingartner  to        ^ 
include  several  other  dementias,  particularly  Korsakoff's  psycho-   W 
sis  and  Altzheimer's  disease.   Preliminary  results  suggest 
specific  dysfunctions  in  memory  encoding,  sequencing,  and 
retrieval  in  Hiintington '  s  disease.   The  repetoire  of  tests  now 
utilized  includes  standard  tests  such  as  the  WAIS,  Wechsler 
Memory  Scale;  tests  designed  for  localization  of  function  such 
as  the  Goodglass-Kaplan  Parietal  Lobe  Battery;  and  tests  designed 
by  Dr.  Weingartner  for  defining  specific  functional  stages  of 
memory  storage  and  recall.   Several  other  dementias  are  now  being 
compared  with  Huntington's  disease  using  these  various  procedures. 
It  appears  that  the  process  of  dementia  in  Huntington's  disease 
may  be  first  manifest  in  cognitive  deficits  involving  verbal 
processing  and  it  may  be  possible  to  relate  those  deficits  to 
specific  cortical  loci. 

Office  of  the  Chief 
Irwin  J.  Kopin,  M.D. 

The  three  units  in  the  Office  of  the  Chief  function  in        ^ 
support  of  other,  particularly  clinical,  research  in  the  laboratory 
by  developing  and  applying  techniques  for  the  determination  of 
various  metabolites,  amines,  and  drugs  in  the  body  fluids  obtained 
from  patients  or  experimental  animals. 
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Cerebrospinal  fluid  levels  of  probenecid  in  over  100  patients 
with  affective  disorders  who  had  received  probenecid  tests  have 
significantly  correlated  with  increases  in  homovanillic  acid  and 
5-hydroxy-indoleacetic  acid  levels  (Drs.  Ebert  and  Goodwin). 
The  probenecid  level,  however,  accounts  for  only  a  small  amount 
of  the  variance  found  in  amine  metabolite  acciomulations  and  does 
not  explain  significant  differences  found  between  patient  groups 
or  during  various  psychotropic  drug  treatments.   A  prospective 
clinical  study  is  in  progress  to  compare  the  several  methods  of 
perfoinning  the  probenecid  test  to  determine  the  most  satisfactory 
technique. 

In  rhesus  monkeys,  Drs.  Kartzinel  and  Ebert  are  examining 
the  kinetics  of  probenecid  metabolism  and  distribution  after  its 
administration  and  the  effects  on  urinary  metabolites.   Different 
dose  levels  of  probenecid  (40,  80,  and  160  mg/kg)  are  used  and 
CSF  from  the  lateral  ventricle  and  lumbar  cerebrospinal  fluid 
analyzed  for  homovanillic  acid  and  4-hydroxy-indoleacetic  acid 
as  well  as  probenecid. 

Stable  isotopes  are  being  used  to  study  catecholamine  metabo- 
lism in  rat  brain  and  primate  cerebrospinal  fluid.   These  pre- 
clinical experiments  are  useful  in  designing  experimental 
approaches  which  may  be  applied  to  patients.   Endogenous  labelling 
of  methylated  catecholamine  metabolites  after  infusion  of 
deuterated  methionine  is  measured  to  estimate  the  synthesis  rate 
of  homovanillic  acid  in  rat  brain  (Drs.  Ebert  and  Kopin) .   This 
provides  an  index  of  the  rate  of  dopamine  metabolism.   Using  this 
technique,  administration  of  dopamine  receptor  agonists  (bromo- 
ergocryptine  or  apomorphine)  have  been  shown  to  produce  a  biphasic 
response  in  the  rate  of  synthesis  of  homovanillic  acid.   After 
acute  administration  of  bromocryptine  or  apomorphine,  there  is  an 
initial  depression  in  synthesis  of  HVA  followed  after  some  hours 
by  a  rebound  increase  in  synthesis  of  the  metabolite  which  lasts 
up  to  20  hours.   The  same  strategy  has  been  applied  to  the  deter- 
mination of  synthesis  rates  of  homovanillic  acid  in  primate 
cerebrospinal  fluid. 

A  second  approach  to  study  of  brain  amine  metabolism  in  Man 
involves  administration  of  deuterated  homovanillic  acid.   The 
labelled  metabolite  is  infused  and  the  half- life  and  volume  of 
distribution  of  the  administered  homovanillic  acid  determined. 
The  deuterated  HVA  disappears  from  the  circulation  with  a  half- 
life  of  about  60  minutes  and  can  be  accounted  for  quantitatively 
by  excretion  in  the  urine.   By  combining  this  technique  with 
intravenous  probenecid  to  temporarily  block  transport  of  acid 
metabolites  from  the  central  nervous  system,  it  may  be  possible 
to  calculate  rates  of  the  synthesis  of  homovanillic  acid  in  the 
central  nervous  system. 


41 


In  the  Unit  on  Clinical  Biochemistry,  Mrs.  Edna  Gordon  has    A 
demonstrated  that  homovanillic  acid  (HVA)  and  di hydroxy phenyl     ' 
acetic  acid  (DOPAC)  are  present  in  conjugated  as  well  as  free 
form  in  hioman  and  animals  cerebrospinal  fluid  CSF,  as  well  as  in 
rat  brain.   After  administration  of  probenecid,  which  blocks 
transport  from  CSF  to  blood  of  acid  metabolite,  levels  of  these 
metabolites  are  increased.   In  collaborative  studies  with  Drs. 
Perlow  and  Kartzinel,  diurnal  variations  in  CSF  levels  of  these 
metabolites  in  CSF  of  monkeys,  and  the  rates  of  incorporation      d 
of  ^^0  into  these  metabolites  of  dopamine  are  being  examined.      ' 
In  studies  with  Drs.  Goodwin,  Post,  and  Jamerson,  levels  of  these 
metabolites  in  CSF  from  patients  before  and  after  treatment  with 
various  drugs  is  being  correlated  with  patient  state  and  drug 
effect.   Similar  studies  with  the  metabolites  of  norepinephrine 
are  being  conducted. 

In  another  study  with  Mr.  Jerry  Oliver,  the  rate  of  incorpora- 
tion of  CD   from  deuterated  methionine  into  MHPG  and  HVA  is  being 
compared  in  rat  brain.   Drug  effects  on  these  rates  are  now  being 
examined.   Mr.  Oliver  is  also  performing  similar  investigations 
in  collaboration  with  the  Section  on  Experimental  Therapeutics. 

Dr.  Robert  Colburn,  of  the  Unit  on  Analytical  Biochemistry, 
continued  studies  in  which  iontophores  which  facilitate  calcium 
entry  into  cells  enhance  release  of  amines.   A  23187  results  in 
release  of  the  free  amines,  but  X-537A  causes  intraneuronal 
release  with  subsequent  deamination  of  norepinephrine.   With  Dr.   | 
Sanford  Markey  of  the  Unit  on  Pharmacological  Applications  of 
Mass  Spectroscopy,  Dr.  Colburn  has  studied  the  synthesis  distribu- 
tion and  metabolism  of  ^ ^Br-labelled  bromocryptine  has  been 
studied  in  rats  and  monkeys. 

Dr.  Sanford  Markey  has  synthesized  a  variety  of  deuterium- 
labelled  metabolites  of  dopamine  and  norepinephrine  which  are 
being  used  in  metabolic  studies  and  for  internal  standards  for 
assay  of  the  metal^olites  in  body  fluids.   Methods  for  assay  by 
gas  chromatograph-mass  spectroscopy  (GC-MS)  have  been  developed 
for  desipramine  and  imipramine  and  are  currently  being  applied 
to  pharmacokinetic  studies  of  these  drugs  in  Man. 

Dr.  Markey,  in  collaboration  with  the  Technical  Development 
Branch  is  constructing  an  electrohydrodynamic  ion  source  which 
will  permit  GC-MS  analysis  of  high  molecular  weight  compounds, 
such  as  peptides,  and  increase  by  several  orders  of  magnitude  the 
sensitivity  of  the  method. 

Dr.  Richard  L.  Hawks  in  collaboration  with  Dr.  Robert  Post 
(APB)  is  continuing  studies  on  metabolism  of  cocaine  in  animals 
and  extending  such  studies  to  Man. 
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Annual  Report  of  the  Laboratory  of  Developmental  Psychology 
National  Institute  of  Mental  Health 

July  1,  1975  -  June  30,  1976 

Marian  Radke  Yarrow,  Ph.D.,  Chief 

Research  in  the  Laboratory  of  Developmental  Psychology  is  directed 
to  psychological  processes  underlying  the  behavior  of  children.  Processes 
of  learning,  cognition,  affect,  and  social  behavior  are  investigated.  The 
research  includes  longitudinal  determinations  of  continuities  and  inter- 
relations of  characteristics  in  the  first  3  years  of  life,  studies  of 
perception  and  learning  in  normal  and  clinical  populations  of  infants, 
developttental  studies  of  prosocial  and  antisocial  behaviors,  studies  of 
children's  responses  to  stress,  investigations  of  child  psychopathology,  and 
development  of  improved  methods  of  behavioral  assessment. 

In  summarizing  the  work  of  this  year,  it  shovild  be  mentioned  that,  to 
some  extent,  the  Laboratory  is  still  in  transition.  There  has  been 
continuity  in  programmatic  research  begun  in  previous  years.  The  longitudinal 
study  has  very  nearly  been  completed,  bringing  to  a  close  a  10  year  program 
of  investigation  of  early  childhood.  New  directions  of  research  have  been 
initiated.  Within  the  year,  there  has  been  a  healthy  change  from  a  period  in 
^ich  almost  all  investigators  were  ijmnersed  in  analyzing  data  to  a  situation 
in  which  scane  projects  are  in  early  stages  of  formulation,  others  are  well 
under  way,  and  still  others  are  in  late  stages  of  analyses.  There  are  indi- 
vidual research  projects  as  well  as  collaborative  projects  between  members 
of  the  Laboratory  and  with  other  laboratories  in  NIH  and  University  departments. 

There  have  been  staff  changes  in  the  past  year.  Dr.  Mary  Waldrop,  who 
has  played  an  important  role  in  the  longitudinal  study  of  the  former  Child 
Research  Branch,  retired  this  spring.  We  are  fortunate,  however,  to  continue 
to  have  Dr.  Waldrop  in  the  Laboratory  as  a  Guest  Worker  as  she  completes 
analyses  from  the  longitudinal  research.  Dr.  Raymond  Yang,  who  has  been  a 
member  of  the  longitudinal  research  team,  is  leaving  this  summer  to  accept  a 
University  positiqn.  Dr.  Karabelle  Pizzigati  is  a  new  Staff  Fellow  with  in- 
terests in  the  social  and  emotional  domains  of  early  development.  Dr.  Velma 
LaPoint  is  a  Guest  Worker  whose  interests  are  in  parent-child  separations 
that  involve  high  risk  for  the  child's  development.  Dr.  Gai3.  Browne,  a 
Guest  Worker  who  has  been  involved  in  studies  of  infant  learning,  will  be 
leaving  the  Laboratory  in  June  at  the  end  of  her  training  fellowship  to 
accept  a  University  position.  A  new  member  of  the  senior  staff.  Dr.  Thomas 
Achenbach  brings  an  interest  and  expertise  in  the  area  of  child  psychopathology. 
He  is  developing  the  Laboratory  program  in  this  area. 

The  Longitudinal  Study  -  This  is  the  last  year  in  which  a  major  amount 
of  staff  time  (Drs.  Moss,  Halverson,  Waldrop,  Yang)  is  devoted  to  analyses 
and  reporting  of  data  gathered  in  the  longitudinal  study  initiated  by  the 
former  Child  Research  Branch.  The  primary  objectives  of  the  longitudinal 
study  were  to  evaluate  the  interaction  between  environment  and  biology  in 
determining  child  behavior.  Data  were  collected  on  132  white,  middle-class 
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families .  Prospective  parents  were  studied  prior  to  the  birth  of  the  infant 
to  determine  the  psychological  environment  they  were  likely  to  provide  for  ^ 
their  child.  Infants  were  studied  at  the  newborn  stage  to  evaluate  their 
initial  response  tendencies  before  there  was  any  appreciable  opportunity  for 
parental  influence.  Mother-infant  interactions  at  three  months  and  child 
behavior  in  a  nursery  school  at  three  years  served  as  criterion  phases  to 
evaluate  the  effects  of  preparental  characteristics  of  the  couple  and  the 
child's  constitutional  characteristics  (tonperament,  tempo,  etc.),  as 
assessed  in  the  newborn  period. 

% 
As  a  final  summary  of  this  research  some  generalizations  are  reported. 
The  specific  findings  from  both  the  cross -developmental-stage  analyses  and 
cross -sectional  analyses  have  been  presented  in  previous  years.  The  cross- 
stage  findings  show  how  both  biology  and  environment  contribute  to  the  evo- 
lution of  behavior.  In  general,  for  the  specific  behaviors  studied,  biological 
characteristics  seem  more  predictive  for  males,  whereas  environmental  forces 
appear  more  effective  in  shaping  the  behaviors  of  females.  For  males,  be- 
haviors that  appear  to  be  anchored  in  temperamental  predispositions,  such  as 
activity  level  and  tempo,  show  greater  continuity  whereas,  for  femsJ.es, 
variables  reflecting  social  responsiveness  to  environmental  stimuli  seem 
better  able  to  account  for  the  ontogenesis  of  behaviors.  Although  behaviors 
are  multidetermined,  the  hierarchy  of  determinants  is  somewhat  different  for 
males  and  females.  An  example  concerning  developnent  and  variability  in 
vocal  behavior  and  language  skills  illustrates  the  differences  for  the  sexes: 
Dispositional  variables  such  as  infant's  arousal  level  and  mother's  tempo 
are  more  predictive  of  vocal  behavior  for  males,  whereas  the  mother's  inter- 
est in  the  infant  and  specific  social  behaviors  towards  the  infant  contribute 
more  to  vocal  behavior  and  langtiage  skills  in  females .  Different  developmen-% . 
patterns  for  the  sexes  are  demonstrated  also  in  the  relations  between  minor 
physical  anomalies  assessed  at  the  newborn  period  and  later  behaviors. 
Anomalies  are  predictive  of  impulsive,  aggressive,  ajad   inattentive  behavior 
in  3  year  old  boys,  and  predictive  of  withdrawn  and  low  expressive  behavior 
in  girls.  Maturity  of  newborn  males  was  predictive  of  excitation  level  and 
vigorous  activity  at  both  three  months  and  three  years  of  age. 

Maternal  behaviors  were  the  primary  environmental  influences  investi- 
gated in  the  longitudinal  study.  In  general,  maternal  attitudes  obtained 
prior  to  the  birth  of  the  infant , dtaring  pregnancy,  and  at  three  year  nursery 
school  age  were  stable.  Relations  across  time  periods  were  strongest  for  the 
most  highly  educated  mothers.  The  attitudes  of  these  mothers  were  more 
predictive  of  their  own  behavior  frcm  one  period  to  the  next  and  of  behavior 
of  their  offspring  at  both  the  infant  and  pre -school  stages  than  were  the 
attitudes  of  less  educated  mothers.  Measurements  at  successive  stages  in  the 
child's  life  gave  evidence  also  of  some  maternal  changes  shaped  by  compelling 
infant  characteristics.  Certain  temperamental  aspects  of  the  mother's 
behavior  which  related  to  child  behavior  illustrate  relations  that  covild  be 
reflecting  maternal  influences  through  the  transmission  of  predispositions 
and  also  as  an  environmental  influence. 
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Research  on  Infants  -  Infancy  occupies  the  attention  of  a  number  of 
investigators  in  the  Laboratory.  From  many  viewpoints,  research  on  the  human 
infant  has  high  priority:  The  long-held  postulate  that  early  experience  is 
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a  powerful  determinant  of  subsequent  development  makes  it  important  we  have 
knowledge  of  the  infant's  capabilities  for  interacting  with  the  environment. 
The  search  for  early  signs  of  abnormalities  and  deficits  in  the  infant 
organism  grows  out  of  the  conviction  that  early  intervention  and  remediation 
are  important . 

Drs .  Caron  and  Friedman  are  engaged  in  studies  which  chart  i)erceptual- 
cognitive  development  in  the  first  half-year  and  which  attempt  to  isolate 
factors  that  influence  infant  cognition.  They  are  also  comparing  perceptual 
processes  in  normal  and  clinical  samples  of  infants.   Using  full -term  infants 
in  their  normative  studies,  Caron  and  Friedman  have  carried  out  an  investi- 
gation of  the  long  term  risks  of  obstetric  birth  medication.  They  selected 
a  subsample  of  100  ^^--and  5 -month-old  infants  who  represented  extremes  on  the 
habituation  continuum.  The  subjects  were  grouped  according  to  the  medication 
their  mothers  received:  general,  regional,  or  no  anesthesia;  and  analgesia, 
no  analgesia,  oxytocin  and  no  oxytocin.  Effects  of  obstetric  medication  on 
visusil  attention  were  found  more  often  in  the  ^4— thsin  in  the  S-month-olds. 
Analyses  in  which  anesthesia  was  held  constant  show  that  analgesics  and 
oxytocin  are  associated  with  slower  habituation  than  evidenced  in  the  absence 
of  such  drugs.  The  findings  are  less  strong  than  are  those  reported  in  the 
literature  linking  obstetrical  birth  medication  to  changes  in  auditory  proces- 
sing. Across  si)ecies  research  shows  that  the  auditory  modality  is  ontogenet- 
ically  older  than  the  visual  modality.  If,  at  birth,  the  more  developed 
modalities  are  less  plastic  than  the  less  developed  modalities,  it  is  possible 
that  the  latter  are  better  able  to  overcome  the  effects  of  obstetric  medication 
or  the  effects  of  associated  asphyxia.  There  is  need  for  further  exploration 
of  the  relative  impairment  to  different  sensory  systems  as  well  as  the  per- 
sistence of  such  impairment  following  obstetric  medication. 

Dr.  Friedman  is  now  extending  her  research  to  high  risk  infants.  Work 
is  just  beginning  in  \rtiich  she  is  comparing  the  functioning  of  healthy  pre- 
matures, sick  prematures,  and  healthy  full -term  babies  at  the  time  of  release 
from  the  hospital.  She  is  measuring  visual,  auditory,  smd  tactile  sensitiv- 
ities of  the  infants.  The  issues  addressed  axe  whether  physical  and  neuro- 
logical criteria  of  reaching  "term"  coincide  with  psychological  criteria, 
and  whether  the  several  modalities  develop  at  different  rates  and  may,  there- 
fore, be  differently  affected  by  premature  birth. 

Dr.  Gewirtz  is  continuing  his  research  on  the  reciprocal  influences 
of  mother  axid  infant  upon  each  other.  Using  the  instrumental  conditioning 
paradign,  Drs.  Gewirtz  and  Boyd  demonstrated  that  mothers'  verbal  and 
expressive  responses  can  be  influenced  by  contingent  infant  behaviors  without 
the  mothers'  awareness  that  their  behavior  is  being  influenced.   In  other 
experiments,  Drs.  Gewirtz  and  Browne  found  that  infants  head  turning  could 
be  brought  under  the  conditioned  control  of  contingent  maternal  social 
responding. 

Influences  of  the  mother  and  infant  upon  one  another  are  now  being 
explored  in  experimental  settings  that  approximate  mother-infant  interchange 
under  naturalistic  conditions.  Crying  was  chosen  as  a  basis  for  investigating 
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mother -infant  interchange  because  it  is  an  important  means  of  commiinication    ^ 
for  the  infant,  and  also  one  of  the  infant's  most  potent  means  for  controlling  % 
the  environment.  This  study  should  provide  information  that  is  relevant  to 
a  management  problem:  how  quickly  and  how  often  to  respond  to  an  infant's 
crying  and  yet  avoid  producing  an  infant  whose  crying  may  exercise  tyrannical 
control  over  the  caregiver. 

Child  Psychopathology  -  Research  has  been  initiated  this  year  in  the 
area  of  child  psychopathology.  Dr.  Achenbach's  program  of  research  begins     ^ 
with  the  construction  of  a  diagnostic  classification  instrument.  A  primary    % 
obstactle  to  research  on  prognosis  for  various  child  behavior  problems  has 
been  the  lack  of  a  standardized  and  reliable  classification  system  for 
childhood  behavior  disorders.  Effective  use  of  mental  health  services  is 
greatly  handicapped  by  the  current  lack  of  knowledge  about  prognosis.  There 
is  no  objective  basis  for  selectively  assigning  treatment  to  children,  because 
it  is  not  known  which  children  will  actiially  be  helped  by  treatment, and  which 
ones  will  fail  to  be  helped  by  current  treatment  approaches.  The  research 
endeavor,  therefore,  is  to  develop  an  instrroment  that  employs  readily  obtain- 
able data  to  portray  children's  behavioral  problems  and  social  competencies 
in  a  standardized  and  objective  format.  The  data  are  obtained  from  a  behavior 
checklist  filled  out  by  parents  of  children  aged  k   to  l6  years.  The  checklist 
is  the  result  of  a  series  of  pilot  editions  on  which  feedback  was  obtained 
from  clinicians,  parents,  axid  paraprofessionals.  Behavior  problems  (e.g. 
hyperactivity,  disobediance,  fears,  bedwetting)  are  scored  on  a  three-point 
scale  according  to  intensity  and  frequency.  Socisil  competence  items  include 
reports  of  peirticipation  in  hobbies,  special  skills,  number  of  friends,  and 
school  performance.  The  data  are  being  obtained  from  parents  of  children  seen  ^ 
in  some  25  child  guidance  clinics  and  other  mental  health  settings.  Factor    " 
analysis  is  employed  to  identify  clxisters  of  items  that  occur  together  in 
children  grouped  by  age  and  sex.  The  cl\isters  obtained  are  then  used  to  define 
the  dimensions  of  the  standardized  profile  for  each  age  and  sex  group,  and  the 
empirically  obtained  distributions  of  scores  on  each  cluster  provide  norms 
with  which  the  scores  of  individual  children  can  be  compared. 

It  is  expected  that  children  having  different  profile  patterns  will 
differ  in  their  prognosis  under  various  conditions  of  treatment  and  nontreatment . 
To  test  both  the  stability  and  the  predictive  power  of  the  profile  patterns, 
some  500  children  for  whom  behavior  checklists  were  filled  out  in  three  clinics 
between  one  and  three  years  ago  are  now  being  followed  up.  Parents  again  fill 
out  behavior  checklists  and  report  on  the  current  status  of  their  children  in 
other  respects.  It  will  then  be  determined  whether  children  who  differed  in 
their  initial  profiles  now  differ  with  respect  both  to  their  patterns  of 
problems  and  competencies  and  to  their  general  adjustment.  Comparisons  will 
be  made  between  children  having  particular  profile  patterns  who  did  and  those 
who  did  not  receive  treatment.  ^ 

The  study  is  expected  to  show  whether  there  is  long-term  stability  in 
profile  patterns  and  whether  the  patterns  are  useful  for  determining  prognosis 
under  typical  clinic  procedxires.  It  will  also  provide  the  basis  for  future 
controlled  studies  of  the  effectiveness  of  various  treatments  with  children 
having  different  profile  patterns. 
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Cognitive  and  Social  Behavior  -  The  substantive  areas  of  cognitive 
development  suad  of  social  and  emotional  behavior  of  children  have  generally 
been  dealt  with  separately.   In  three  different  projects  in  the  Laboratory 
investigators  have  set  for  themselves  research  problems  in  which  cognitive 
and  social -emotional  dimensions  are  examined.  Drs.  Waxier  and  Yarrow  asked 
whether  or  how  helping  and  comforting  by  your.g  children  were  related  to 
children's  abilities  to  maike  inferences  about  others,  especially  their 
abilities  to  infer  differences  between  others'  perspectives  and  their  own. 
The  data  are  scores  on  tests  of  physical  and  social  perspective -taking 
and  assessments  of  prosocial  behaviors  in  experimental  and  naturalistic 
settings.  There  was  little  correlation  between  success  on  the  perspective- 
taking  tests  and  the  frequency  of  prosocial  acts.  A  major  difficulty  was 
fovind  in  establishing  clearly  the  child's  ability  to  take  the  perspective  of 
others.  This  ability  varies  with  the  difficulty  level  and  the  modality  of 
the  perspective -taking  tests.  These  findings  cast  some  doubt  on  previous 
studies  in  which  a  single  cognitive  measure  is  used  to  label  a  child  as 
able  or  not  to  interpret  his  environment  from  a  nonegocentric  point  of  view. 
Factors  other  than  perspective -taking  skills,  some  of  them  cognitive,  some 
motivational,  appear  to  weigh  more  heavily  in  -vrtiether  or  not  the  child  responds 
prosocially.  Among  such  factors  are  what  the  child  singles  out  as  the 
relevant  elements  in  the  situations  in  which  intervention  might  occur,  suad 
the  emotions  aroused  in  him  by  the  need  for  intervention. 

Dr.  Barrett  is  looking  at  impulsivity-reflectivity  as  a  predictor  of 
academic  achievement  in  elementsory  school  children.  The  tempo  assessments 
were  made  in  the  i+th  grade;  academic  achievanent  was  measured  in  the  ^th, 
5th,  and  cth  grades.  Early  studies  suggested  associations  between  impulsivity 
and  academic  performance.  However,  in  few  studies  on  impulsivity-reflectivity 
have  differences  in  cognitive  level  been  taken  into  account.  In  the  present 
study  Dr.  Barrett  is  asking  whether  tempo,  per  se,  accounts  for  variations 
in  children's  later  academic  achievement  which  cannot  be  accounted  for  on  the 
basis  of  standardized  ability  measures  or  previous  school  performance.  This 
study  will  help  to  assess  the  theoretical  and  practical  value  of  continued 
research  on  impulsivity-reflectivity  as  a  personality  trait. 

Dr.  Achenbach  is  investigating  relations  between  children's  cognitive 
functioning  and  behavioral  disorders.  In  a  study  of  children  in  clinic 
populations,  tests  of  cognitive  level  and  information -processing  strategies 
will  be  given  to  children  having  various  patterns  of  problem  behavior.  Based 
on  the  assumption  that  a  child's  cognitive  functioning  reflects  £in  overall 
strategy  of  adaptation  that  is  also  reflected  in  the  child's  behavior  problems, 
it  is  anticipated  that  relations  will  be  found  between  types  of  cognitive 
patterns  and  types  of  behavioral  patterns.  If  such  a  relationship  is  indeed 
foiind,  then  work  will  proceed  on  development  of  methods  of  psychoaducational 
intervention  designed  to  help  disturbed  children  learn  more  constructive 
patterns  of  adaptation  with  respect  to  the  cognitive  and  social -emotional 
spheres . 

Individual  Differences  in  Temperament  of  Children  -  Dr.  Hal vers on 
has  continued  to  pursue  his  interest  in  characteristics  of  temperament  in 
young  children.  One  aspect  of  this  work  involves  the  level  or  intensity 
of  behavioral  output  by  a  child.  He  has  differentiated  activity  level  in 
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children  into  disruptive  aspects  (impulsivity  and  hyperactivity)  and  controlled 
aspects  (high  vigor,  coping  with  x>eers  and  competence ) .  The  importance  of    ^ 
activity  level  for, social  and  cognitive  development  is  indicated  in  a  number" 
of  findings  on  children  at  the  preschool  and  also  at  the  elementary  school 
level.  A  high  level  of  controlled  vigor  at  the  preschool  period  was  found 
to  be  related  to  early  school -age  competence,  problem  solving,  and  the  amount 
and  quality  of  social  behavior.  For  both  sexes,  vigorous  high  activity 
(whether  controlled  or  impulsive)  showed  considerable  stability  over  five 
years.  The  relatively  uncontrolled  aspects  of  activity  level  at  preschool 
were  found  to  be  negatively  related  to  various  measures  of  cognitive  and     ^ 
intellectual  i)erformance  at  age  7^.     The  controlled,  but  intense  behavior  as  " 
expressed  by  social  participation,  however,  was  positively  related  to  the 
same  measures  of  intellectual  performance.  Sex  differences  were  found  in  the 
amount  of  controlled  activity.   For  girls,  high  activity  behaviors  are 
generally  controlled,  and  are  associated  with  positive,  outgoing  adult -oriented 
and  competent  behaviors.  For  boys,  high  activity  is  likely  to  involve  many 
more  components  of  aggression,  impulsivity,  and  intractability.  Dr.  Halverson 
replicated  an  earlier  finding  involving  preschool  children.  As  in  the  pre- 
school study  (with  Dr.  V/aldrop),  Dr.  Halverson  foixnd  in  boys  aged  six  to 
twelve  a  significant  association  between  the  presence  of  minor  phj-sical 
anomalies  and  impulsive,  high  level  activity.  Fvirther  research  in  individual 
differences  in  temperament  is  in  the  planning  stage. 

Affective  Behavior  -  The  study  of  children's  affective  behaviors 
continues  to  be  the  focus  of  research  by  Drs.  Yarrow,  Waxier  and  Barrett. 
They  are  investigating  children's  responses  to  affective  events  in  their 
environments  in  terms  of  the  kinds  of  pro-and-antisocial  behaviors  expressed 
by  children.  These  investigators  are  examining  the  emergence  in  very  young   1^ 
children  of  sensitivities  to  the  "^iiotional  states  of  other  persons  and  relating 
these  sensitivities  to  other  emerging  functions  in  the  child.  A  study  of  the 
second  and  third  years  of  life  (Waxier,  King,  and  Yarrow)  documents  early 
awareness  and  changing  responses  to  others'  affective  states.  It  is  evident 
that  children  as  young  as  l|-  years  will  use  comforting  through  physical  contact 
and  sharing  of  materials  when  distress  is  observed  in  another  person.  For 
this  study  three  cohorts  of  children  aged  9  months,  15  months,  and  21  months 
were  studied  longitudinally  for  9  months.  Naturalistic  and  experimental 
situations  were  observed.  Observations  of  how  the  child's  resi)onses  to  others 
involve  him  in  references  to  himseHJ"  (in  imitation  of  the  affect*  in  exploration 
of  his  own  body  for  hixrts,  and  in  anxious  expressions)  provide  insights  into 
early  stages  of  egocentric  and  nonegocentric  responding.  Also,  by  examining 
young  children's  behaviors  when  they  have  distressed  somebody  else,  it  has 
been  possible  to  develop  hypotheses  about  the  beginnings  of  "conscience." 

In  studies  of  older  children.  Yarrow,  Waxier,  and  Barrett  have  found 
consistent  individual  differences  in  the  freqxiency  and  quality  of  prosocial 
responding  (helping,  sharing,  and  comforting).  In  unaggressive  boysj they     (|^ 
found  a  positive  relation  between  prosocial  and  aggressive  behaviors,  but 
in  more  aggressive  boys,  there  was  a  negative  relation  between  prosocial  and 
aggressive  behaviors.  No  associations  between  pro-and-antisocial  behaviors 
were  found  in  girls. 
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This  study  raised  several  theoretical  and  methodological  issues. 
First,  it  indicated  that  relations  betveen  aggression  and  prosocial  behavior 
depended  at  the  very  least  on  the  child's  sex  and  absolute  level  of  aggression. 
Second,  it  suggested  the  need  to  take  into  consideration  differences  in 
opportunities  to  help  others.  Third,  the  finding  of  a  curvilinear  relation 
between  aggression  and  prosocial  behavior  for  the  boys  raised  the  question 
of  the  kind  of  aggressiveness  related  to  prosocial  behavior.  Was  the  positive 
association  between  pro-and-antisocial  behavior  one  in  which  assetiveness  was 
the  "aggressive"  element,  while  the  negative  relation  one  in  which  hostility 
was  the  aggressive  element? 

In  a  follow-up  study  of  5  to  8  year  old  children,  Drs.  Barrett  and 
Yanrow  reexamined  the  relation  between  prosocial  and  aggressive  behavior. 
In  this  study  opportunity  to  respond  prosocially  was  statistically  controlled, 
assertiveness  was  distinguished  from  hostility,  and  subgroups  of  children 
were  homogeneous  in  sex  and  absolute  level  of  aggression.  Assertiveness  and 
prosocial  interventions  were  significantly  positively  related  for  boys  and 
for  girls.  Controlling  on  opportunities  for  prosocial  interventions, 
frequencies  of  prosocial  and  hostile  interactions  were  significantly  negatively 
related  for  boys.  This  was  the  case  at  high  and  low  absolute  levels  of 
aggression,  but  there  were  no  associations  between  hostile  behavior  and  pro- 
social  behavior  for  girls.  These  findings  are  being  analyzed  further  by 
examining  sequential  aspects  of  antisocial  and  prosocial  interventions. 

In  a  related  study  contributions  of  sex  role  socialiiation  to  differencei 
in  prosocial  behavior  are  being  investigated  by  Drs.  Pizzigati,  Waxier,  and 
Yarrow.  This  research  examines  children's  expctations  regarding  the  expression 
of  affect  and  of  the  likelihood  of  prosocial  acts  depending  on  the  age  and 
gender  of  the  persons  involved.  This  is  in  a  pilot  stage.  i 

Children's  Response  to  Stress  -  Two  projects,  both  concerning  children 
in  extraordinarily  stressful  experiences,  have  been  designed  and  pilot  work 
is  underway.  One  is  a  study  of  seriously  ill  children  (Moss,  Yarrow);  the 
other,  a  study  of  children  separated  from  their  mothers  because  of  their 
mothers'  imprisonment  (LaPoint  and  Yarrow).  In  both  studies,  the  objectives 
are  to  specify  the  nature  of  the  psychological  Impact  of  these  critical 
events,  the  children's  coping  patterns  and  their  vulnerabilities,  and  the 
factors  associated  with  different  kinds  of  responses. 

In  summary  of  this  year,  scientists  in  the  Laboratory  have  been  active 
in  the  camnunity  of  the  NIH  and  ADAMHA  as  members  of  review  committees, 
search  committees,  and  advisory  ccaanittees,  and  as  officers  of  the  Assembly 
of  Scientists.  They  are  also  carrying  leadership  roles  in  the  discipline, 
as  evidenced  in  participation  in  national  conferences  and  professional  meetings, 
in  committee  memberships  in  the  APA  and  on  the  Social  Science  Research  Council, 
and  in  membership  on  editorial  boards  and  as  consultant  editors  for  leading 
journals  and  publications  In  psychology. 

During  this  year,  distinguished  members  of  the  discipline  have  been 
invited  to  the  Laboratory  to  review  selected  parts  of  the  program.  These 


49 


discTissions  and  evaluations  have  been  most  helpful  and  have  had  an  impact  on  ^ 
the  conduct  of  research.  We  will  continue  this  ongoing  review  and  consviltant 
procedure  to  provide  stimulation  to  ongoing  investigation  and  to  provide 
input  and  evaluation  as  new  research  programs  get  underway. 
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Annual  Report  of  the  Laboratory  of  Psychology  and  Psychopathology 

National  Institute  of  Mental  Health 

David  Rosenthal,  Ph.D.,  Chief 

July  1,  1975  through  June  30,  1976 

For  many  years  it  was  one  of  the  major  goals  of  this  Laboratory  to 
separate  its  Section  on  Neuropsychology  from  the  rest  of  the  Laboratory  and  to 
change  its  status  to  that  o.f  a  Laboratory  in  its  own  right.   There  were  many 
good  reasons  for  such  a  chajige.   Now,  at  last,  this  Section  has  become  its 
own  Laboratory,  and  to  that  we  say  amen.   Now  that  this  new  status  change  is 
made,  the  Laboratory  of  Psychology  and  Psychopathology  (LPP)  will  become  the 
unified,  integrated,  focused  Laboratory  that  we  have  sought  to  establish 
during  the  past  decade. 

In  the  summer  of  1975,  the  reorganized  LPP  obtained  four  young  sci- 
entists at  the  st^ff  fello'v  level  who  had  to  be  assimilated  into  the  new  LPP 
goals  and  programs.   Much  of  the  time  since  then  was  committed  to  orientation, 
study,  and  planning  of  new  research  methods  and  strategies.   In  recent  months, 
LPP  scientists  have  been  submitting  an  abundance  of  research  proposals  of  con- 
siderable promise,  a  number  of  which  have  already  been  reviewed  by  ad  hoc  com- 
mittees and  the  Medical  Board.   Thus,  the  LPP  is  now  launched  as  originally 
planned,  and  the  next  few  years  will  tell  whether  the  scientific  contributions 
made  by  LPP  are  consonant  with  the  original  hopes  and  promises  of  this  Labora- 
tory.  We  retain  major  research  concerns  around  psychopathology,  especially 
schizophrenia,  affective  clisorders,  psychiatric  diagnosis,  genetics-human  and 
behavioral,  the  contributi.ons  of  environmental  factors  to  development  of 
psychopathology,  especially  psychological  and  personality  factors,  and  the 
bridge  between  the  psychojiathological  and  the  normal,  as  may  be  revealed,  e.g., 
in  speech  Jjrocesses,  or  in  psychophysiological  response  patterns,  or  in  animal 
models  of  behavior. 

During  the  past  year,  we  have  carried  out  the  following  research: 

In  a  stpdy  of  the  offspring  of  sc:hizophrenics,  in  which  pregnancy 
and  delivery  factors  were  correlated  with  the  intelligence  of  these  offspring, 
the  results  were  as  follows: 

1)  Materna].  edema,  vaginal  bleecling,  and  spinal  anesthesia  at  deliv- 
ery are  much  more  negatively  correlated  wit.h  the  intelligence  of  the  children 
of  schizophrenics  than  with  the  children  of  psychiatrically  normal  parents. 

2)  The  correlations  are  not  accounted  for  by  demographic  variables, 
such  as  maternal  aige,  social  class,  etc.   The  multiple  correlation  of  the 
three  perinatal  fatctt^rs  listed  above,  plus  Apgar  score,  with  intelligence  of 
the  offspring  of  £;chizophrenics  at  age  7  is  -0.58.   Maternal  edema  and  vaginal 
bleeding  covary  in  this  group,  while  spinal  anesthesia  and  Apgar  score  make 
relat,ively  independent  contributions  to  the  multiple  correlation. 


51 


3)   Other  aspects  of  pregnancy,  such  as  hypertension  and  proteinuria, 
were  not  found  to  have  a  negative  correlation  with  intelligence  among  the  off- 
spring of  schizophrenics,  but  since  there  were  no  cases  of  severe  hypertensio^ 
in  our  sample  the  relationship  has  not  been  exhaustively  examined. 

In  a  study  comparing  the  autonomic  functioning  and  task  performance 
of  drug-free  acute  schizophrenics  tested  shortly  after  admission  to  the 
Clinical  Center  with  that  of  normal  controls,  it  was  found  that  the  patients 
as  a  group  exhibited  higher  levels  of  autonomic  activation,  especially  during 
rest  periods,  but  lower  phasic  and  tonic  increments  in  arousal  during  task 
performance,  and  slower  habituation  of  the  orienting  response  to  a  series  of  (^ 
tones.   These  findings  are  similar  to  these  obtained  previously  with  chronic 
schizophrenics.   When  the  schizophrenic  croup  was  subdivided  into  those 
patients  whose  psychiatric  condition  improved  after  a  3  to  4  month  hospital 
stay  with  those  who  did  not  improve,  it  was  found  that  the  results  for  the 
to-improve  group  were  not  markedly  different  from  normal,  but  the  not-to- 
improve  group  was  different  from  both  other  groups.   There  were  only  minor 
differences  between  the  two  improvement  g: roups  in  clinical  state  at  the  time 
of  the  initial  test.   On  identical  tests  carried  out  at  time  of  discharge, 
neither  the  improved  nor  non-improved  subjects  had  changed  markedly.   This 
suggests  that  the  "schizophrenic"  pattern  of  autonomic  functioning  may  repre- 
sent a  fairly  long-teinn  mode  of  adaptation  which  is  somewhat  independent  of 
short-term  changes  in  clinical  state. 

Collection  of  data  was  completed  on  a  study  of  the  relationships  of 
biochemical  (monoamine  oxidase) ,  autonomic  ,  perceptual  speed  and  personality 
variables  in  normals  in  collaboration  with  investigators  from  LSES,  APB  and 
LCS.   Preliminary  analyses  have  shown  MAO  to  relate  to  personality  and  behav- 
ioral variables  in  normals  in  el   way  suggesi:ive  of  relationships  found  in    ^ 
affective  disorders,  but  not  in  schizophrenia.   We  hope  this  study  will  shed 
light  on  how  biological  individual  differences  might  be  involved  in  the  etiol- 
ogy of  psychopathology.   Tha  identical  proc;edures  are  beJng  used  with  schizo- 
phrenic patients. 

We  are  continuing  Our  research  on  speech  behavior  with  major  empha- 
sis on  the  specification  of  the  functional  speech  units  that  are  operative  in 
perception  and  production.   Our  experimental  6:f forts  continue  to  focus  on  the 
phonemic  clause,  a  linguisjtically  defined  unit  averaging  7  or  8  syllables, 
which  has  been  shown  in  our  previous  investigations  to  have  psychological  as 
well  as  linguistic  significance. 

In  a  new  approach  to  this  problem,  iriiitiated  last  year,  we  have 
studied  the  deployment  of  listeners'  attention  by  means  of  the  cortical  aver- 
age evoked  response.   Thifs  strategy  depends  on  Ir.he  fact  that  the  cortical 
electrical  response  to  an  irrelevant  stimulus,  l\igh:c  flash,  for  example,  is 
attenuated  when  the  subject's  attention  is  directed,  inward  to  cognitive 
processing. 
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By  means  of  this  strategy  we  hope  tc  test  the  hypothesis  that 
speech  perception  is  a  discontinuous  process,  characterized  by  bursts  of 
cognitive  activity  at  successive  phonemic  cla\.Lse  boundaries.   Tlie  experi- 
mental determination  involves  the  comparison  of  the  average  response  to  a  set 
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of  punctate  stimuli  timed  to  occur  at  clause  boundaries  with  the  average 
response  to  a  set  of  control  stimuli  timed  to  occur  elsewhere  in  clauses. 

Two  inconclusive  studies  of  this  phenomenon  were  conducted  last 
year,  a  pilot  study  and  a  subsequent  methodological  refinement,  the  design  of 
which  was  dictated  by  the  results  of  the  original  study.   Additional  refine- 
ments are  still  required,  and  although  the  necessary  studies  have  been 
designed  we  have  not  been  able  to  carry  them  out  because  of  delays  involved  in 
the  changeover  from  the  SEL  to  the  PDP-11  computer.   This  program  will  be 
resumed  as  soon  as  the  necessary  con^suting  facilities  are  again  available. 

It  is  important  to  note  that,  if  successful,  this  project  will  open 
an  unexplored  domain.   No  investigation  of  brain  response  to  natural  speech 
has  ever  been  carried  out.   Beyond  the  initial  normative  studies  lie  the  pos- 
sibilities of  investigating  attentional  abnormalities  or  deficits  in  schizo- 
phrenia, with  particular  regard  to  lateral  specification  of  cortical  function. 
It  is  widely  believed  that  much  of  the  cognitive  and  perceptual  deficit  in 
schizophrenia  may  reflect  an  underlying  disorder  of  attention,  specifically 
an  impairment  in  the  capacity  to  organize  complex  stimulus  patterns  and  focus 
on  the  salient  elements.   Since  the  left  hemisphere  seems  to  be  specialized 
for  speech,  a  psycholinguistic  approach  to  the  problem  of  laterality  and 
attention  has  considerable  strategic  potential,  at  this  stage  of  our  knowledge. 

We  are  also  participating  with  members  of  the  Adult  Psychiatry 
Branch  in  a  large  scale  clinical  study  of  hyperkinetic  syndrome  of  childhood. 
This  laboratory's  participation  will  involve  the  study  of  oupil  diameter  fluc- 
tuations in  probands  and  first  degree  relatives.   The  relevance  of  pupil log- 
raphy  to  this  syndrome  was  suggested  by  a  pilot  study  we  conducted  in  1972,  in 
which  we  found  evidence  of  a  pupillary  pattern  of  hypoarousal  in  the  parents 
of  some  hyperkinetic  children. 

A  comprehensive  survey  of  the  research  literature  on  the  influence 
of  attitudes  on  perceptual  judgments  was  completed.   When  an  individual  makes 
a  perceptual  judgment  about  an  object  or  event,  his  response  can  be  affected 
by  his  beliefs  about  the  object  or  event,  by  the  circumstances  under  which  the 
judgment  is  made,  and  even  by  the  individual's  attitude  toward  the  investiga- 
tor asking  for  the  judgment.   This  is  not  surprising  when  the  entity  to  be 
judged  is  a  relatively  intangible  one,  such  as  the  beauty  of  a  scene  or  the 
personality  of  another  person.   But  there  can  be  a  profound  effect  of  attitude 
on  judgments  of  the  most  tangible  of  attributes,  namely  the  size  or  shape  of  a 
clearly  seen,  simple,  physical  object. 

In  studies  involving  visual  stimuli  the  most  general  attitudinal 
effect  on  the  experimental  results  appears  to  derive  from  the  subject's  assump- 
tion that  there  are  "real"  and  "nonreal"  perceptual  magnitudes.   The  phenome- 
non IS  demonstrable  with  a  number  of  different  kinds  of  judgment  but  is  best 
documented  and  most  easily  illustrated  with  respect  to  the  apparent  size  of  an 
object  at  different  distances  from  the  observer.   "Apparent"  or  "nonreal"  size 
IS  assumed  to  decrease  with  increasing  distance  while  "real"  size  remains  con- 
stant.  The  outcome  of  an  experiment  can  be  reliably  manipulated  by  instruct- 
ing the  observer  to  report  "apparent  size"  or  "actual  size,"  but  both  outcomes 
can  be  shown  to  be  attitudinally  biased.   It  is  extremely  difficult  to  achieve 
a  result  that  can  be  shown  to  be  unbiased. 
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A  number  of  scientific  models  have  been  developed  for  the  assess- 
ment of  response  bias  in  perceptual  measurement,  and  a  response-bias  model  is^ 
proposed  to  account  for  the  effects  of  the  "real"  vs.  "nonreal"  attitudinal 
distinction.   Whether  such  a  model  can  lead  to  a  valid  measure  of  perceptual 
functioning  remains  to  be  determined. 

Time  judgment  is  a  process  that  appears  to  be  especially  vulnerable 
to  the  particular  conditions  under  which  the  judgments  are  obtained.   Numer- 
ous indications  of  relationships  among  subjective  time,  cognitive  activity, 
sleep  variables,  and  psychopathology  have  been  reported,  but  the  relationship^ 
are  complicated.   The  indications,  the  complications,  or  both,  may  be  due  to 
attitudinal  or  other  biases  rather  than  the  perception  of  time  as  such.   We 
had  previously  found  subjects'  perceptions  of  short-time  intervals  after 
awakening  from  sleep  to  be  unrelated  to  the  prior  electroencephalographic 
stage  of  sleep.   However,  analysis  of  time  estimates  over  periods  of  sleep  has 
been  completed  and  does  indicate  a  dependence  on  the  kind  of  brain  activity 
occurring  during  the  period. 

Subjects  were  awakened  from  sleep  at  varying  intervals  and  given  a 
stimulus  picture,  word,  or  phrase  to  remember.   Upon  each  awakening  the  sub- 
ject was  asked  to  recall  the  stimulus  presented  at  the  previous  awakening  and 
to  estimate  the  amoxint  of  time  that  had  elapsed  since  the  previous  awakening. 
Subjects  often  could  not  remember  the  stimulus  but  were  asked  to  make  a  time 
estimate  anyway.   The  results  of  this  procedure  make  it  clear  why  previous 
attempts  to  assess  time  perception  over  periods  of  sleep  had  been  equivocal. 

When  subjects  could  not  remember  the  previous  stimulus,  the  time 
judgments  were  unrelated  to  the  actual  time  elapsed  since  the  occurrence  of  ^ 
the  stimulus.   When  they  correctly  remembered  the  stimulus,  there  was  a  sta- 
tistically significant  correlation  between  the  estimates  and  the  elapsed  times. 
Some  time  awake  occurred  over  each  period,  and  the  correlation  might  have  been 
due  to  subjects'  meiking  greater  estimates  for  greater  amounts  of  time  awake. 
The  time  estimates  were,  however,  not  correlated  with  variations  in  amount  of 
waking  time. 

Over  intervals  when  the  prior  stimulus  was  recalled  and  the  predomi- 
nant EEG  stage  was^  stage  4  (deep  sleep) ,  the  correlation  between  the  time 
judgments  and  elapsed  times  was  not  significant.   But  when  the  predominant  EEG 
was  stage  1-KEM  (dreaming),  the  correlation  was  clearly  significant.   This 
finding  is  consistent  with  two  general  hypotheses  that  have  support  from  other 
findings.   First,  subjective  time  is  related  to  the  quantity  and  quality  of 
mental  activity  occurring  over  a  period  of  time,  and,  second,  mental  function- 
ing associated  with  REM  sleep  is  more  like  waking  functioning  than  functioning 
associated  with  other  stages  of  sleep. 

Data  obtained  in  a  1967  survey  of  Old  Colony  Mennonites  in  Mexico  f^ 
have  been  subjected  to  a  linking  process  that  permitted  detailed  comparison  ot 
census  data  with  vital  records  kept  by  their  Church.   This  comparison  revealed 
many  omissions  from  the  church  records  and  many  inaccuracies  in  the  census, 
thus  necessitating  a  laborious  cross-editing.   Although  this  process  may  delay 
further  analysis  by  as  much  as  a  year,  it  will  increase  the  number  of  useful 
families  and  will  probably  raise  the  estimates  of  fertility  and  mortality, 
'which  were  already  remarkably  high  by  comparison  with  most  populations. 
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Upon "completion  of  cross-editing,  analysis  will  be  resumed  with  the 
dual  purpose  of  specifying  parameters  of  population  growth  and  relating  varia- 
tion in  these  variables  to  social  and  economic  differences  among  families. 
Such  relations  will  help  in  understanding  the  forces  of  natural  selection  that 
have  shaped  human  genetic  potentials. 

Another  project  is  concerned  with  explaining  variations  in  the  human 
dizygotic  twinning  rate.   It  has  been  postulated  that  some  women  are  prone  to 
bear  dizygotic  twins  and  that  these  women  become  pregnant  more  readily  than 
other  women.   Our  geneticist  succeeded  a  few  years  ago  in  attaching  a  quanti- 
tative value  to  this  difference  in  "fecundability"  and  has  now  secured  data 
collected  prospectively  in  the  Collaborative  Perinatal  Project  of  the  NINCDS. 
He  is  preparing  to  extract  from  this  large  file  all  women  who  have  borne  dizy- 
gotic or  opposite-sex  twins,  and  matched  controls  in  order  to  obtain  a  new  and 
independent  estimate  of  the  relative  fecundability  of  twin-prone  women.   He 
has  carried  out  an  analysis  of  the  consequences  of  high  fecundability  in  twin- 
prone  women  in  successive  birth  orders  and  under  different  regimens  of  contra- 
ception.  His  conclusions  are:   (1)  The  postulated  fecundability  advantage  of 
twin-prone  women  would  completely  explain  the  apparent  increase  of  the  twin- 
ning rate  with  increasing  parity.   (2)  It  would  interact  with  contraception  to 
produce  changes  in  the  twinning  rate  between  populations  or  over  time  of  the 
same  magnitude  as  the  changes  commonly  observed  in  twin  birth  statistics. 
(3)  These  changes  are  very  sensitive  to  the  pattern  of  birth  control  methods 
in  a  population,  and  may  provide  some  indication,  at  the  population  level,  of 
trends  in  acceptance  and  efficiency  of  contraception. 

We  are  continuing  studies  of  aggressive  behavior  in  BALB/c  mice. 
Ciaranello  and  Lipsky  have  previously  presented  data  on  differential  aggres- 
sive behavior  in  sublines  of  the  BALB/c  inbred  mouse  strain  from  the  Jackson 
Laboratory  and  the  NIH.   A  corresponding  difference  in  the  catecholamine- 
synthesizing  enzymes  (TH,  DBH,  and  PNMT)  in  adrenal  samples  was  found  between 
these  sublines.   We  are  continuing  to  investigate  the  hypotheses  that: 
(1)  the  activity  of  these  enzymes  is  inherited  in  the  pattern  of  a  single 
dominant  gene,  and  (2)  the  level  of  enzyme  activity  is  related  to  aggression. 
The  original  study  is  being  replicated  and  expanded  to  include  another  subline 
of  the  BALB/c  inbred  strain,  larger  samples  and  the  use  of  a  neutral  victim. 
The  study  of  the  inheritance  of  this  aggression  includes  the  production  of 
^1'  ^2'  ^1'    ^^^   ^2  generations-   Correlations  between  the  enzyme  activities 
and  the  aggressive  behavior  will  be  calculated  using  the  genetically  segregat- 
ing F2  generation  as  well  as  subjects  from  the  randomly  bred  Swiss-Webster/NIH 
and  HS/Ibg  lines.   The  investigation  into  the  nature  of  this  differential 
intra-strain  aggressive  behavior  will  incorporate  a  study  of  the  general  activ- 
ity level  in  these  sublines  of  the  BALB/c  inbred  strain. 

In  the  development  of  animal  models  for  mental  health  research, 
greater  progress  will  be  made  if  we  are  able  to  produce  selectively  bred  ani- 
mals based  on  several  different  dimensional  aspects  of  behavioral  abnormal- 
ities.  An  investigation  into  the  possible  strategies  we  can  use  has  led  us 
to  consider  selective  breeding  programs  for  differential  response  co  drugs, 
divergent  animal  behaviors  and  unusual  neurochemical  constitutions.   We  are 
particularly  interested  in  differential  response  to  phenothiazines  and  amphet- 
amines; the  effects  of  high  and  low  levels  of  brain  amines  on  behavior;  and 
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biochemical  differences  which  are  correlated  with  deviant  behavioral  pheno- 
types.   Selective  breeding  requires  a  base  population  of  subjects  which     ^ 
exhibits  a  large  ainount  of  genetic  variance.   We  are  in  the  process  of  devel- 
oping a  randomly  bred  mouse  line  for  the  base  population  of  our  selectively 
bred  lines  of  mice. 
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Annual  Report  of  the  Laboratory  of  Neuropsychology 
National  Institute  of  Merrtal  Health 
H .  Enger  Ros void ,  Ph . D . ,  Chief 
July  1,  1975  -  June  30,  1976 

This  year's  annual  report  of  the  Laboratory  of  Neuropsychology  reflects 
a  broader  approach  than  usual.   Anatomical  studies  have  been  extended  to  in- 
clude the  use  of  axonal  transport  as  well  as  newer  silver-stain  techniques. 
Unit  recording  from  the  brains  of  behaving  monkeys  has  been  applied  with 
success  both  when  the  cortex  is  functioning  normally  and  when  its  function 
is  depressed  by  cooling.   Biochemical  and  endocrinological  studies  in  both 
infant  and  adult  monkeys  have  provided  new  dimensions  for  the  experiments 
concerned  with  the  brain's  development  aind  behavior.   Details  of  these 
studies  are  given  in  the  narrative  summary  which  follows. 

Cortical  Mechanisms  in  Vision 

In  a  collaborative  study  with  Gross  at  Princeton,  we  delineated  the 
functional  pathway  through  which  inferior  temporal  (IT)  neurons  receive  their 
visual  information.   The  method  entailed  measuring  the  defects  in  the  visual 
receptive  fields  of  single  IT  neTirons  after  selective  cerebral  lesions  or 
commissural  transections.   As  we  had  predicted  from  our  earlier  behavior- 
ablation  studies,  the  subcortical  pathway  frcm  superior  colliculus  through 
pulvinar  to  IT  cortex  turned  out  to  be  unimportant  for  the  receptive  field 
properties  of  IT  neurons.  By  contrast,  the  cortical  pathway  from  striate 
through  prestriate  to  IT  cortex  proved  to  be  essential,  since  interruption  of 
this  pathway  by  a  unilateral  striate  removal  or  by  section  of  the  forebrain 
commissxires  eliminated  the  corresponding  visual  input  to  IT  cells . 

The  results  strongly  support  the  view  that  the  visual  discrimination 
functions  of  IT  cortex  depend  on  the  information  it  receives  from  the  striate 
cortex  via  a  relay  in  the  prestriate.   However,  there  is  still  considerable 
dispute  concerning  this  proposed  pathway,  since  even  massive  prestriate 
lesions  may  leave  visual  discrimination  relatively  unimpaired.   To  resolve 
this  apparent  discrepancy  we  have  initiated  two  new  experiments .   One  will 
attempt  to  delineate  by  neuroanatomical  techniques  the  entire  striate- 
receptive  area  within  the  prestriate  cortex  as  a  preliminary  to  removing  it 
in  a  "disconnection"  experiment.   The  second  seeks  to  determine  whether  even 
small  prestriate  lesions  might  "disconnect"  IT  cortex  from  corresponding 
parts  of  the  visual  field  by  testing  visual  discrimination  confined  to  those 
fields  in  monkeys  that  have  been  trained  to  maintain  fixation. 

According  to  the  unit  recording  studies  nearly  two-thirds  of  IT  neurons 
receive  information  from  both  hemispheres  (i.e.,  from  both  the  left  and 
right  visual  half-fields) .   We  have  therefore  proposed  that  IT  cortex 
plays  an  important  role  in  stimulus  equivalence  across  the  visual  fields. 


57 


This  is  the  phenomenon  in  which  a  stimulus  is  recognized  as  the  same  regardless f 
of  its  retinal  position,  even  if  the  different  retinal  loci  project  to  dif- 
ferent hemispheres.   To  test  our  hypothesis,  we  prepared  monkeys  with  bilateral 
IT  ablations  combined  with  section  of  the  optic  chiasm,  and  trained  them  first 
with  one  eye  and  then  with  the  other  eye  on  a  series  of  visual  pattern  dis- 
criminations.  Unlike  control  monkeys  (with  either  IT  lesions  alone  or  chiasm 
section  alone) ,  who  can  perform  immediately  with  the  second  eye  any  discrimin- 
ation that  they  have  learned  with  the  first,  the  experimental  monkeys  had  to 
learn  each  discrimination  anew  with  the  second  eye.   These  results  provide     ^ 
strong  evidence  that  stimulua  equivalence  across  the  visual  half -fields  de- 
pends on  the  convergence  of  their  projections  onto  single  IT  neurons.  We  are 
currently  testing  a  further  prediction  from  this  hypothesis,  namely,  that  IT 
lesions  will  prevent  transfer  of  a  visual  pattern  discrimination  from  one  part   I 
of  a  visual  half-field  to  another.   The  method  involves  training  monkeys  who     ' 
are  maintaining  fixation  to  discriminate  a  pair  of  patterns  in  one  quadrant      i 
of  a  visual  half  field  and  then  test  them  for  transfer  to  the  other  quadrant.    ! 
Transfer  should  occur,  as  before,  only  if  IT  neurons  are  present  to  mediate 
the  spatial  convergence  of  visual  information. 

This  spatial  convergence  upon  single  cells  provides  a  mechanism  that 
is  essential  for  discrimination  learning  under  normal  viewing  conditions.   It 
insures  that  the  same  central  visual  cells  will  be  activated  from  one  exposure 
of  the  stimulus  to  the  next  dispite  the  fluctuations  in  distance,  direction 
and  angle  of  regard  that  lead  to  stimulation  of  different  populations  of 
geniculostriate  cells  on  different  presentations.   But  spatial  convergence 
alone  is  insufficient  to  insure  reactivation  of  the  same  central  visual  cells 
unless  it  is  associated  with  a  mechanism  for  temporal  convergence.   That  is,    ^ 
a  given  stimulus  must  excite  the  same  visual  neurons  on  a  second  occasion  as 
on  the  first  if  there  is  to  be  any  summation  of  the  effects  of  experience  or 
training.   We  now  have  evidence  that  the  IT  cortex  does  indeed  contain  a 
mechanism  for  temporal  convergence,  as  indicated-  by  the  following  experiments 
on  visual  recognition. 

Monkeys  that  are  shown  an  object  once  will  recognize  it  as  familiar 
a  minute  or  two  later,  as  indicated  by  the  fact  that  they  will  avoid  it  in 
favor  of  another  object  that  is  completely  novel.   Thus,  somewhere  in  the 
visual  system  the  single  presentation  of  a  complex  stimulus  establishes  an 
engram,  or  trace,  against  which  a  subsequent  presentation  can  be  matched.   If 
it  does  match,  i.e.,  if  the  original  neural  trace  is  reactivated,  there  is 
immediate  recognition  of  familiarity,  and  the  behavioral  consequence  described 
above  ensues.   The  area  in  which  the  neural  trace  is  first  established  turns 
out  to  be  the  anterior  IT  cortex,  since  removals  here  but  not  elsewhere 
abolish  the  animal's  ability  to  recognize  an  object  that  it  has  seen  once 
just  a  few  seconds  before.   Apparently,  the  anterior  IT  cortex  contains  the     ^ 
traces  laid  down  by  previous  viewing,  and  these  serve  as  models  or  images       1| 
against  which  incoming  stimuli  are  constantly  being  compared.   In  the  process, 
old  traces  may  either  decay,  be  renewed,  or  even  refined,  and  new  traces  are 
added  to  the  store.   Experiments  are  now  being  designed  to  study  these  newly 
localized  visual  traces  at  the  single-unit  level. 
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The  evidence  that  has  been  cited  favors  a  sequential  activation 
model  for  object  vision.   Information  that  reaches  the  striate  cortex  is 
transmitted  for  further  processing  to  the  prestriate  cortex,  and  from  there 
to  the  IT  area.   Can  this  model  be  extended  beyond  vision  per  se  to  encompass 
stimulus-reward  association  learning?   Translated  into  functional  anatomical 
terms  the  question  is  whether  visual  objects  might  gain  motivational  and 
emotional  significance  through  an  interaction  between  the  IT  cortex  and  the 
limbic  system.   Some  preliminary  findings  supported  this  possibility.   Earlier 
we  had  shown  that  equally  severe  deficits  in  object  discrimination  reversal 
learning  are  produced  by  bilateral  removal  of  IT  cortex  and  by  bilateral 
removal  of  the  temporal  pole  and  amygdala  (TPA) ,  a  limbic  region  to  which 
the  IT  cortex  projects.   To  test  whether  the  similarity  in  outcome  reflects 
a  truly  functional  relation  between  the  two  areas,  we  prepared  monkeys  with 
an  IT  removal  in  one  hemisphere,  a  TPA  removal  in  the  other,  and  a  transection 
of  the  anterior  commissure.   The  effect  on  object  reversal  learning  was  the 
same  as  that  of  the  bilaterally  syiranetrical  lesions,  suggesting  that  section 
of  the  anterior  commissure  had  disconnected  the  intact  TPA  region  on  one  side 
from  the  intact  IT  cortex  on  the  other.   Section  of  the  corpus  callosum 
instead  of  the  anterior  commissure  was  ineffective;  and  section  of  the 
anterior  commissure  also  was  ineffective  if  the  striate  area  was  removed 
instead  of  IT  cortex,  presumably  because  in  this  case  the  intact  striate 
and  IT  areas  in  one  hemisphere  were  still  connected  with  the  intact  IT  and 
TPA  areas  in  the  other  through  the  splenium  of  the  corpus  callosum.   The 
results  thus  supported  the  proposal  that  the  process  of  associating  visual 
stimuli  with  reinforcements  depends  in  part  on  a  visual-limbic  pathway  with 
a  link  in  the  IT  cortex. 

We  are  now  extending  those  studies  to  exploit  this  new  evidence  of 
a  visual-limbic  interaction.   First,  we  have  undertaken  a  neuroanatomical 
study  to  define  exactly  the  projections  from  IT  cortex  onto  limbic  structures; 
and  second,  we  have  extended  and  refined  our  behavioral  assessment  by  re- 
placing the  discrimination  reversal  problem  with  a  one-trial  associative 
memory  test  analogous  to  the  one-trial  visual  memory  test  described  earlier. 
Whereas  only  IT  lesions  had  impaired  performance  on  the  visual  memory  test, 
preliminary  results  with  the  associative  memory  test  have  indicated  equiva- 
lent impairments  after  both  IT  lesions  and  lesions  limited  to  the  amygdala 
(which  we  find  receives  a  direct  IT  projection) .   If  these  results  are  re- 
plicated with  additional  animals,  an  attempt  will  be  made  to  disconnect  the 
amygdala  from  its  IT  input  and  then  test  the  effects  of  this  disconnectioi^ 
on  associative  memory. 

Concurrently  we  are  testing  directly  whether  the  amygdala  is  in- 
volved in  the  establishment  of  stimulus-reward  associations.   The  study  in- 
volves measuring  activity  of  single  units  in  the  amygdala  while  an  animal 
performs  a  visual  discrimination  reversal.   Positive  evidence  for  our  hypo- 
thesis would  be  provided  by  a  finding  that  the  discharge  frequency  of  a 
given  unit  depends  on  the  reward  value  of  the  stimulus  (A+  vs  A-)  and  not 
on  its  sensory  quality  (A  vs  B) .   The  converse  results,  i.e.,  sensitivity  to 
the  sensory  and  not  to  the  affective  quality  of  the  stimulus,  would  be  ex- 
pected of  units  in  the  IT  cortex,  for  according  to  our  model  this  tissue 
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is  an  intrinsic  part  of  the  visual  system  and  concerned  with  purely  visual     ( 
processing.   Preliminary  results  have  been  gathered  thus  far  on  units  in  the 
IT  cortex,  and,  as  predicted,  many  of  the  neurons  here  discharge  selectively 
to  visual  patterns  -  one  cell  preferring  one  subset  of  patterns,  another 
cell  preferring  another  subset,  and  so  on  -  whereas  only  a  few  of  these 
neurons  appear  to  code  the  reward  value  of  the  patterns.   Whether  such  a 
code  is  carried  by  a  higher  proportion  of  neurons  in  the  amygdala  still 
remains  to  be  determined. 

I 
Development  of  Brain  and  Behavior 

A  major  goal  of  this  laboratory  continues  to  be  the  elucidation  of 
the  neural  mechanisms  responsible  for  the  development  of  normal  behavior  and 
for  the  expression  of  plasticity  in  neuropathological  development.   Our 
approach  is  broadly  multidisciplinary,  involving  behavioral,  neuroanatomical, 
electrophysiological,  endocrinological  and  biochemical  techniques.   Our  ex- 
perimental subject  is  the  rhesus  monkey,  whose  appropriateness  as  a  model  of 
human  development  is  unexcelled.   For  studies  of  development,  in  particular, 
the  protracted  course  of  postnatal  maturation  exhibited  by  rhesus  monkeys 
permits  greater  resolution  of  the  timing,  sequence,  and  correlation  of 
structural  and  functional  events  than  is  possible,  for  example,  in  rodents 
or  other  laboratory  animals. 

Cryogenic  Depression  of  Cortex  at  Different  Stages  of  Development. 
Our  previous  work  in  this  area  has  shown  that  specific  regions  of  the  primate 
cortex  are  functionally  immature  at  birth  and  develop  their  functions 
according  to  widely  different  time-tables.   However,  the  immature  monkey 
differs  from  the  adult  not  only  with  respect  to  cortical  immaturity  but  with 
respect  also  to  cortical-subcortical  organization.   This  year,  with  Dr. 
Garrett  Alexander,  we  have  employed  cryogenic  cooling  techniques  and  electro- 
physiological recording  to  further  describe  the  changes  in  cortical-sub- 
cortical organization  that  take  place  in  ontogeny.   Previous  studies  by  Dr. 
Alexander  have  shown  that  the  frontal  cortex  can  be  inactivated  in  adult 
monkeys  by  cooling  through  cryoplates  implanted  over  the  dura  mater  of  the 
prefrontal  cortex.   This  technique  has  several  advantages  over  the  ablation 
method  including  the  avoidance  of  secondary  degeneration  in  structures 
connected  with  the  frontal  cortex  and  also  the  possibility  of  functional 
effects  that  are  reversible  -  allowing  each  animal  to  serve  as  his  own  control. 
In  the  adult  monkey,  localized  cooling  of  the  prefrontal  cortex  results  in 
behavioral  deficits  classically  Associated  with  removal  of  this  cortex  but 
these  deficits  disappear  as  soon  as  the  cortex  is  returned  to  its  normal 
temperature.   Furthermore,  cooling  has  been  shown  to  inhibit  the  firing  of 
neurons  in  the  dorsomedial  nucleus  of  the  thalamus,  in  association  with 
decrements  in  behavioral  performance.   Studies  identical  to  those  carried 
out  in  the  mature  monkey  are  now  being  conducted  in  normal  monkeys  at  various 
s.tages  of  postnatal  development.   Our  studies  show  that  cryogenic  depression 
of  the  dorsolateral  prefrontal  cortex  does  not  result  in  deficits  on  a 
spatial-delayed  response  task  in  monkeys  under  two  years  of  age.   Beginning 
at  about  21  months  of  age,  however,  cortical  cooling  does  have  at  least  a 
moderate  influence  on  the  monkey's  ability  to  perform  a  more  difficult  spatial 
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task,  delayed  alternation.   The  results  obtained  with  the  reversible  lesion 
procedure  in  normal  monkeys  are  remarkably  similar  to  those  obtained  in 
monkeys  with  permanent  brain  damage  and  thus  provide  evidence  that  cortical 
cooling  is  a  powerful  approach  to  the  study  of  regional  maturation  in  the 
primate  brain.   Moreover,  the  consistent  results  observed  with  both  the 
ablation  and  cooling  procedure  provides  strong  evidence  that  the  dorsolateral 
cortex  does  not  become  fully  functionally  mature  until  well  into  the  second 
year  of  life.   Electrophysiological  data  have  not  been  sufficiently  analyzed 
to  determine  whether  striatal  or  thalamic  unit  activity  is  modified  with  the 
same  degree  of  specificity  as  it  is  in  the  adult.   The  results  of  the 
electrophysiological  data  being  collected  in  behaving  monkeys  at  different 
stages  of  development  should  reveal  the  extent  to  which  subcortical  mechanisms 
can  function  more  autonomously  in  the  young  than  the  old,  a  principle  of 
central  nervous  system  organization  in  normal  development  suggested  by  previous 
research,  and  one  which  could  help  to  explain  the  remarkable  sparing  of 
function  observed  after  early  cortical  injuries. 

Sexual  Dimorphism  in  Cortical  Structure  and  Function.   A  large  pro- 
portion of  our  effort  this  year  continues  to  be  devoted  to  examining  the 
possible  role  that  gonadal  hormones  may  play  in  regulating  the  differentiation 
of  cortical  mechanisms.   Previous  work  in  this  laboratory  has  provided  evidence 
that  the  orbital  prefrontal  cortex  becomes  functionally  mature  at  different 
times  in  males  and  females,  since  cognitive  defects  can  be  induced  by  orbital 
lesions  at  younger  ages  in  males  than  In  f stales.   Currently  we  are  studying 
the  behavioral  and  biochemical  consequences  of  postnatal  injections  of 
testosterone  in  developing  female  monkeys.   Our  evidence  indicates  that  (1) 
androgen  accelerates  the  development  of  orbital  prefrontal  function,  suggesting 
that  gonadal  hormones  may  play  an  inductive  role  In  the  differentiation  of 
cortical  mechanisms  similar  to  that  played  in  the  differentiation  of  hypo- 
thalamic mechanisms;  and  (2)  the  critical  period  for  the  influence  of  androgen 
on  functions  of  the  central  nervous  system  in  primates  extends  into  postnatal 
life.   Subsequent  to  further  behavioral  studies  involving  analysis  of  their 
psychosocial  and  sexual  development,  these  hormonally  treated  monkeys  are 
sacrificed  and  their  brains  analyzed,  along  with  brains  of  normal  males  and 
females,  for  distribution  and  biosynthesis  of  biogenic  amines. 

The  possibility  that  there  are  neural  differences  between  males 
and  females  at  the  cortical  level  under  the  control  of  gonadal  hormones  at 
critical  periods  in  development  is  of  extreme  importance  for  understanding 
the  normal  differences  in  cognitive  and  social  development  of  the  two  sexes 
as  well  as  for  understanding  disturbances  in  psychosexual  orientation  that 
may  occur  as  a  consequence  of  exposure  to  an  inappropriate  hormonal  milieu 
during  gestation  such  as  andrenogenital  syndrome  and  progestin-induced 
pseudo-hermaphroditism.   Future  plans  for  work  in  this  area  include  behavioral 
and  biochemical  studies  of  prenatally-androgenized  females  and  prenatally 
feminized  males  (chemically  gonadectomized  with  an  androgen  antagonist, 
cyproterone  acetate)  .   Prenatal  studies  are  warranted  because  the  peak  sensi- 
tivity of  cortical  tissue  to  gonadal  hormones  may  occur  in  the  second  tri- 
mester of  pregnancy  during  which,  in  the  primate,  corticogenesis  is  completed. 
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Behavioral  and  Anatomical  Consequences  of  Prenatally-Induced  Brain  ^^ 
Damage .   The  subject  of  another  investigation  is  a  rhesus  monkey  whose 
dorsolateral  cortex  was  removed  during  the  second  trimester  of  gestation, 
after  all  prefrontal  neurons  have  been  generated,  but  before  fissures  have 
been  formed.   Subsequent  to  intrauterine  surgery,  the  fetus  was  replaced 
in  utero  and  delivered  successfully  at  term  (168  days  in  the  rhesus  monkey) 
by  caesarean  section.   Over  the  first  two  and  one-half  years  of  life,  this 
monkey  displayed  none  of  the  behavioral  deficits  exhibited  by  monkeys  sus- 
taining injury  to  the  same  area  postnatally  and  his  behavior  was  indistin-    ^ 
guishable  from  that  of  normal  monkeys  at  all  stages  of  his  postnatal  develop- 
ment.  Postmortem  anatomical  analysis  of  his  brain  is  now  in  progress  and 
reveals  the  following  features:  1)  strikingly  abnormal  fissural  patterns; 
and  2)  minimal  cell  loss  in  the  dorsomedial  nucleus  of  the  thalamus  which 
projects  to  the  dorsolateral  cortex.   The  formation  of  new  sulci  in  this 
brain  has  important  implications  for  unraveling  the  normal  process  of 
fissuration  as  well  as  for  understanding  the  nature  and  limits  of  compensatory 
neural  mechanisms  following  pre-  and  postnatal  cortical  injury.   It  is 
notable  that  the  anomalous  fissuration  is  most  pronounced  in  just  that  area 
of  the  brain  (the  orbital  prefrontal  cortex)  which  previous  research  had 
implicated  as  important  for  sparing  of  function  and,  indeed,  this  monkey 
with  anomalous  sulci  exhibited  sparing  of  behavioral  function  to  an  extra- 
ordinary degree.   The  finding  of  minimal  cell  loss  in  the  dorsomedial 
nucleus  of  this  monkey  is  also  correlated  with  behavioral  restitution  and 
indicates  that  synaptogenesis  of  thalamo-cortical  pathways  is  not  yet 
complete  by  the  end  of  the  second  trimester.   Further  study  of  prenatal  pre- 
parations such  as  this  should  provide  precise  time-tables  for  the  development 
of  thalamo-cortical  and  other  connections  in  the  primate  fetus.   This  work   A 
was  part  of  a  collaborative  effort  with  Dr.  Edward  Taub,  IBR. 

Neurochemical  Correlates  of  Normal  and  Disordered  Development  in 
Primates.   As  mentioned  behavioral  testing  following  ablation  of  the  dorso- 
lateral and  orbital  prefrontal  cortical  areas  in  the  developing  monkey  have 
now  shown  that  these  two  cortical  subdivisions  develop  their  functions 
according  to  different  timetables.   Also  the  orbital  cortex  becomes  function- 
ally mature  earlier  in  males  than  in  females .   We  need  to  know  more  about  the 
maturational  status  of  the  brain  at  different  stages  of  development  in  order 
to  fully  understand  the  ontogeny  of  behavior  and  neurobehavioral  plasticity 
in  the  developing  primate.   Measures  of  neurotransmitter  levels  and  rates 
of  synthesis  give  an  indication  of  synaptic  homeostatis  in  normal  development 
and  provide  a  baseline  against  which  to  evaluate  events  following  acute  or 
chronic  brain  damage. 

Three  monoamine  putative  neurotransmitters  are  of  interest  in  these 
studies:  an  indoleamine,  5-hydroxytryptamine  (serotonin),  and  two  catechola- 
mines, noradrenaline  and  dopamine.   Normal  neurochemical  profiles  have  been  fj^ 
measured  in  various  cortical  and  subcortical  structures  of  rhesus  monkeys  at 
2  days,  8  months  and  2  years  of  age  or  beyond.   These  neurotransmitters  are 
at  adult  levels  in  brainstem  and  hypothalamus  at  birth  long  before  they 
reach  maturity  in  caudate  nucleus,  amygdala,  hippocampus,  and  various 
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cortical  areas.   It  is  of  interest  that  cortical  dopamine  is  paradoxically 
high  in  the  newborn  monkey,  drops  by  50%  in  the  8-month  old  infant  and  then 
only  gradually  returns  to  adult  levels.   These  data  are  consistent  with 
measures  of  neurotransmitters  in  brains  of  newborn  guinea  pigs  and  goats 
which  are  also  competent  at  birth.   They  are  also  in  accord  with  the  known 
correlation  between  accelerated  axonal  transport  of  macromolecules  and 
active  periods  of  synaptogenesis  in  immature  brain.   The  high  monoamine 
levels  in  the  newborn  may  thus  reflect  maturational  events  rather  than 
utilization  of  monoamines  for  synaptic  transmission. 

Monoamines  exhibit  a  differential  distribution  in  the  cerebral 
cortex  of  both  infant  and  adult  monkeys.   Noradrenaline  as  well  as  dopamine 
has  a  rostral-caudal  distribution  while  the  serotonin  distribution  is  more 
uniform.   Of  great  present  interest  to  neuropharmacologists  is  the  functional 
role  of  dopamine  in  cortical  structures:  it  may  serve  as  a  neurotransmitter 
in  its  own  right,  as  it  does  in  the  striatum,  or  it  may  serve  as  a  precursor 
to  noradrenaline.   Our  finding  that  dopamine  levels  are  60%  of  noradrenaline 
values  in  the  orbital  and  dorsolateral  prefrontal  cortex  while  comparable 
measures  of  dopamine  content  in  parietal  and  visual  cortex  are  30%  and  12% 
respectively,  suggests  that  dopamine  may  be  serving  a  transmitter  function 
in  prefrontal  cortex. 

Eight  months  after  selective  orbital  prefrontal  cortical  lesions 
neurotransmitter  levels  and  synthesis  rates  are  decreased  at  such  distant 
sites  as  head  of  the  caudate  nucleus,  amygdala,  and  brainstem.   These  studies 
on  the'  biochemical  consequences  of  long-term  brain  damage  indicate  a  perma- 
nent deficiency  in  the  neural  activity  of  structures  far  removed  from  the 
damaged  area  which  may  be  partly  responsible  for  the  behavioral  impairments 
observed  following  prefrontal  ablation.   The  findings  from  these  studies  may 
eventually  suggest  a  pharmacological  approach  to  ameliorating  the  symptoms 
of  brain  injury. 

Anatomical  Correlates  of  Development  and  Plasticity 

Studies  of  Normal  Development.   Concurrently  with  the  behavioral, 
electrophysiological  and  biochemical-endocrinological  studies  described 
above,  we  are  conducting  experiments  aimed  at  elucidating  the  structural 
basis  of  normal  and  abnormal  behavioral  development.   Our  anatomical  studies 
using  silver  impregnation  techniques  have  confirmed  findings  obtained  with 
behavioral  and  electrophysiological  methods  in  indicating  immaturity  of  the 
pathways  from  the  orbital  and  dorsolateral  prefrontal  cortex  to  subcortical 
structures  like  the  caudate  nucleus  up  to  six  months  of  age  and  beyond.   New 
findings  from  our  parallel  autoradiographic  studies  include:  (1)  The  cortico- 
cortical  and  commissural  efferents  of  the  frontal  association  and  motor 
cortex  terminate  in  a  distinct  columnar  pattern.   Since,  until  now,  columns 
have  been  observed  exclusively  in  sensory  cortex,  findings  in  association 
and  motor  cortex  indicate  that  columnar  organization  is  a  general  feature  of 
the  mammalian  neocortex.   (2)  Prefrontal  cortico-cortical  and  commissural 
efferents  terminate  in  all  layers  of  target  cortex,  a  feature  of  laminar 
distribution  which  distinguishes  the  frontal  association  cortex  from  sensory 
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cortical  areas.   (3)  Prefrontal  cortex  projects  heavily  upon  the  caudate    |^ 
nucleus  whereas  connections  from  motor  cortex  are  sparse.   This  finding 
provides  direct  evidence  that  the  caudate  nucleus  is  related  both  anatomically 
and  functionally  more  to  the  prefrontal  cortex  than  to  the  motor  cortex,  and 
necessitates  a  revision  of  long-held  conceptions  about  caudate  function.   (4) 
Specific  regions  of  the  prefrontal  cortex  project  all  the  way  to  the  tail 
and  body  of  the  caudate  nucleus  as  well  as  to  its  head.   The  distribution  of 
prefrontal  striatal  connections  revealed  by  autoradiographic  methods  changes 
the  picture  of  topographic  relationships  between  the  cerebral  cortex  and    |^ 
the  caudate  based  on  silver  degeneration  methods.   (5)  Prefrontal  projections 
to  the  caudate  nucleus  are  stereometric,  indicating  that  segregation  of 
afferents  applies  to  subcortical  as  well  as  to  cortical  structures  and  is  a 
general  feature  of  central  nervous  system  organization.   (6)  Columnar 
organization  in  frontal  cortex  and  stereometric  innervation  of  the  caudate 
nucleus  are  well-delineated  in  the  newborn  monkey.   The  same  features  are 
present  but  not  as  pronounced  in  older  monkeys  given  equivalent  doses  of 
radioactive  amino  acids.   The  differences  between  immature  and  mature  monkeys 
may  relate  to  a  number  of  factors  including  developmental  differences  in 
axonal  transport  mechanisms,  packing  density  of  neurons  and  blood-brain 
barrier. 

Studies  of  Central  Nervous  System  Reorganization.   A  second  major 
question  that  is  being  approached  anatomically  is  that  of  the  presumptive 
reorganization  of  the  central  nervous  system  subsequent  to  early  cortical 
injury.   Though  central  nervous  system  plasticity  is  presently  an  area  of 
active  research  interest  there  has  so  far  been  no  strong  evidence  to  indicate 
that  postlesion  axonal  growth  or  collateral  sprouting  is  functionally       J| 
adaptive.   Our  previous  studies  of  behavioral  recovery  in  monkeys  sustaining 
orbital  prefrontal  injuries  in  infancy  show  that  the  monkey  is  an  excellent 
animal  model  of  behavioral  plasticity  in  development  and  one  highly  suitable 
for  studies  of  neural  reorganization.   We  are  therefore  employing  both  the 
Fink-Heimer  silver  impregnation  technique  and  autoradiographic  methods  to 
examine  the  possibility  that  there  are  anomalous  connections  in  the  brains 
of  monkeys,  now  adults,  that  had  received  bilateral  orbital  prefrontal 
lesions  as  infants,  and  exhibited  restitution  of  functional  capacity  to  an 
extraordinary  degree.   These  longitudinal  studies,  which  are  still  in  progress, 
should  provide  important  information  on  whether  behavioral  recovery  following 
early  brain  injury  can  be  attributed  to  the  capacity  of  the  developing 
nervous  system  for  postlesion  axonal  growth. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  SOCIO- ENVIRONMENTAL  STUDIES 

National  Institute  of  Mental  Health 

July  1,  1975  through  June  30,  1976 

Melvin  L,  Kohn,  Chief 

A  year  after  a  major  reorganization  of  the  Division  of  Clinical  and 
Behavioral  Research,  in  which  this  Laboratory  was  radically  restructured,  we 
can  report  that  work  is  going  well,  morale  is  high,  and  we  are  pursuing 
some  very  exciting  research  leads 

OCCUPATIONAL  EXPERIENCE  AND  PSYCHOLOGICAL  FUNCTIONING 

This  study  has  a  long  and  productive  history,  summarized  in  the  annual 
reports  of  the  past  several  years.   The  principal  investigators  are 
Melvin  Kohn  and  Carmi  Schooler,  joined  this  past  year  by  Joanne  Miller  and 
Karen  Miller,  here  on  extended  post- doctoral  fellowships,  and  Duane  Alwin, 
here  on  a  one-year  visiting  scientist  appointment. 

The  research  is  based  primarily  on  structured  interviews  with  a 
sample  of  3101  men,  representative  of  all  men  employed  in  civilian  occupa- 
tions throughout  the  United  States.   These  interviews  were  conducted  to  our 
specifications  by  the  National  Opinion  Research  Center  of  the  University  of 
Chicago  in  the  spring  and  summer  of  1964.   In  1974,  the  National  Opinion 
Research  Center  conducted  follow-up  interviews,  again  to  our  specifications, 
with  a  randomly- selected  one- fourth  of  the  men  who  had  participated  in  the 
original  survey.   Wherever  a  man  was  found  to  be  presently  married,  a  nearly 
identical  interview  was  conducted  with  his  wife.   And  wherever  a  man  had  one 
or  more  children  in  the  age- range  13  through  25,  a  similar  interview  was 
conducted  with  a  randomly- selected  child. 

Essentially,  the  re- interviews  of  the  men  are  designed  to  provide 
more  definitive  data  on  causal  processes  than  could  be  provided  by  a  single 
cross- sectional  survey.   With  these  data,  we  hope  to  assess  with  some 
precision  the  magnitudes  of  the  reciprocal  effects  of  occupational  conditions 
and  various  facets  of  psychological  functioning.   The  study  of  the  wives  is 
designed  to  ascertain  whether  occupational  conditions  affect  men  and  women 
similarly.   These  data  should  also  enable  us  to  assess  the  effects  of  men's 
occupational  experiences  on  their  wives'  psychological  functioning  and  of 
women's  occupational  experiences  on  their  husbands'  psychological  function- 
ing, in  each  case  taking  account  of  the  individual's  own  occupational 
experiences.   The  study  of  the  children  is  designed  for  exploratory  analyses 
of  the  effects  of  parental  experiences,  values,  and  practices  on  their 
children's  psychological  development,  as  well  as  of  the  children's  own 
educational  and  occupational  experiences  on  their  own  psychological  develop- 
ment. 
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During  this  past  year,  our  major  research  efforts  have  been  devoted 
to  five  objectives,  each  of  them  discussed  below.  i 

1.   Assessing  the  representativeness  of  the  follow-up  sample.   Of  the 
.883  men  randomly  selected  to  be  in  the  follow-up  study,  all  but  63  (i.e., 
7%)  were  located  ten  years  after  the  original  survey- -in  itself  an 
interesting  social  fact.   Apparently  people  who  live  their  lives  in  the 
ordinary  institutions  of  the  society,  although  they  may  move  around  a  very 
great  deal,  are  not  difficult  to  follow,  given  a  modicum  of  cooperation 
from  the  post  office,  the  telephone  company,  past  employers,  and  unions.     t 

Of  the  820  men  we  located,  35  were  dead.   Of  the  remaining  785  men, 
we  actually  re- interviewed  687;  i.e.,  78%  of  those  originally  selected  and 
88%  of  those  located  and  found  to  be  alive.   By  current  standards  of  survey 
research,  these  are  more  than  acceptable  figures.   But  we  must  nevertheless 
ask:   Are  the  men  we  re- interviewed  representative  of  all  those  men  we  meant 
to  interview?   Can  we  generalize  safely  to  the  larger  universe?   We  have 
attempted  to  answer  these  questions  by  two  types  of  analysis. 

First,  we  have  systematically  compared  the  social  and  psychological 
characteristics  of  the  men  we  did  re- interview  with  those  of  a  truly 
representative  sample  of  the  population  to  which  we  intend  to  generalize. 
We  were  in  an  optimum  position  to  do  this,  for  the  men  who  were  not  randomly 
selected  for  the  follow-up  study  themselves  constitute  a  representative 
subsample  of  the  overall  sample  and  thus  constitute  an  appropriate  comparison 
group.   We  found  the  differences  between  the  two  subsamples  to  be  few  and 
small  i-n  magnitude:   the  men  we  re- interviewed  were  (according  to  the 
original  interviews)  a  little  more  intellectually  flexible,  somewhat  more    I 
trustful,  slightly  lower  in  self-confidence,  and  somewhat  more  "liberal"  in 
their  religious  backgrounds.   But  the  two  groups  do  not  differ  significantly 
in  the  characteristics  most  important  to  our  analyses--e.g. ,  education, 
social  class,  major  occupational  characteristics,  age,  or  even  urbanicity. 

Our  other  method  of  assessing  the  representativeness  of  the  follow-up 
sample  was  to  repeat  the  major  analyses  we  had  done,  once  again  using  the 
1964  data,  but  limiting  these  analyses  to  only  those  men  whom  we  succeeded 
in  re- interviewing  in  1974.   The  rationale  is  that  insofar  as  we  get  the 
same  results  from  analyses  of  the  follow-up  subsample  as  those  we  got  from 
the  total  sample,  we  can  be  confident  that  the  subsample  provides  a  good 
base  from  which  to  generalize  to  the  larger  population.   We  repeated  the 
main  analyses  of  the  relationships  of  social  class  and  occupational 
conditions  with  psychological  functioning  that  had  been  done  in  the  original 
study.   The  smaller  size  of  the  subsample  meant  that  there  were  important 
avenues  we  could  not  explore,  and  some  of  the  secondary  findings  were  no 
longer  statistically  significant.   But  the  main  themes  of  our  original 
findings  held  up  remarkably  well.   We  can  proceed  to  analyze  the  new  data    i 
with  confidence  that  whatever  we  find  can  be  generalized  to  the  larger 
population  of  employed  men. 

We  cannot  do  similar  analyses  for  the  wives  and  children,  since  they 
were  not  interviewed  in  the  original  survey.   But  we  did  well  in  securing 
the  cooperation  of  the  eligible  wives  (90%  of  those  whose  husbands  we 
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re-interviewed)  and  nearly  as  well  in  securing  the  cooperation  of  the 
children  (88%  of  those  alive).   Thus,  we  can  have  reasonable  confidence  in 
their  representativeness,  too. 

2.  Preparing  the  follow-up  data  for  statistical  analysis.   We  are 
still  in  the  early  stages  of  the  mammoth  task  of  checking  out  the  accuracy 
of  the  coding  of  the  data  and  "editing"  (i.e.,  correcting  errors  in  the 
coding  of)  these  data.   Since  we  are  seriously  understaffed,  we  began  by 
checking  out  only  that  portion  of  the  men's  interviews  needed  for  the  first 
intended  analyses.   This  was  a  major  preoccupation  of  the  past  year.   That 
done,  we  are  proceeding  to  check  out  the  comparable  portions  of  the  wives' 
interviews.   But  since  we  can  work  on  this  only  in  the  lulls  between  analyses 
of  the  data  that  have  already  been  checked  out,  the  process  will  presumably 
go  on  for  a  very  long  time.   This  is  hardly  the  way  one  would  choose  to 
prepare  a  massive  body  of  very  valuable  data  for  analysis,  but  it  is  the  best 
we  can  do  with  the  very  small  staff  we  have. 

Once  the  initial  portions  of  the  men's  data  had  been  checked  out, 
the  next  question-- crucial  for  a  study  of  change- -was  whether  the  principal 
indices  developed  in  the  analysis  of  the  1964  data  could  be  validly  applied 
to  the  1974  data.   The  most  important  of  these  indices  had  been  based  on 
factor  analysis;  this  technique  had  been  used,  for  example,  in  constructing 
the  index  of  the  substantive  complexity  of  the  work,  the  index  of 
intellectual  flexibility,  and  many  of  the  indices  of  self- conception  and 
social  orientation.   Our  first  approach  has  been  to  factor-analyze  the  new 
data  in  exactly  the  same  way  as  we  had  factor-analyzed  the  original  data, 
using  "exploratory"  factor  analysis  to  see  if  the  same  (or  reasonably 
similar)  factor  structure  could  be  found.   The  results  were  highly  reassur- 
ing:  for  most  of  the  indices,  including  all  the  principal  indices,  the 
factor  structures  were  very  close  to  those  found  in  the  original  data. 

We  are  now  in  process  of  subjecting  the  indices  to  an  even  more 
rigorous  test.   Using  "confirmatory"  factor  analysis,  we  are  testing  the 
hypothesis  (for  each  of  the  indices)  that  the  exact  factor  loadings  found 
in  the  1964  data  fit  the  1974  data  closely.   Thus  far,  we  have  done  this 
only  for  intellectual  flexibility,  a  crucial  index.   The  results  demonstrate 
unequivocally  that  the  factor  structure  found  in  the  1964  data  fit  the  1974 
data  very  well  and  that  it  is  thus  reasonable  to  use  this  index  in  an 
analysis  of  change. 

3.  Analyzing  the  reciprocal  relationship  between  occupational 
conditions  and  psychological  functioning.   Even  with  evidence  that  the 
indices  used  in  1964  are  valid  in  1974,  we  face  the  core  technical  problem 
in  longitudinal  analysis,  i.e.,  separating  unreliability  of  measurement  from 
real  change  in  the  phenomena  studied.   Our  measures,  particularly  of 
psychological  phenomena,  are  far  from  perfectly  reliable.   Somehow,  we  need 
to  be  able  to  assess  how  much  of  the  apparent  change  in,  say,  intellectual 
flexibility,  represents  real  change  in  men's  intellectual  functioning  over 
the  10-year  interval  between  the  two  surveys,  and  how  much  is  a  function  of 
unreliability  in  measuring  instruments. 
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Recently  the  Swedish  statistician,  Karl  Joreskog,  has  introduced  a 
powerful  new  procedure  for  combining  confirmatory  factor  analysis  and  the   ^ 
analysis  of  linear  structural  equations  into  a  single  analytic  procedure    ^ 
that  permits  us  to  combine  an  explicit  measurement  model  with  an  explicit 
causal  model,  and  thus  to  separate  unreliability  from  change  in  analyses  of 
causal  structure.   It  is  a  powerful  procedure,  but  also  exceedingly  complex. 
Under  the  tutelage  of  our  visiting  scientist,  Duane  Alwin,  we  have  devoted 
a  great  deal  of  time  and  effort  these  past  several  months  to  understanding 
the  mathematical  basis  of  Joreskog' s  techniques,  to  mastering  the  intricate 
computer  program  that  makes  it  operational,  and  to  testing  models  appropriate 
to  our  intended  analysis.   The  preliminary  results  are  highly  encouraging.   ^ 

4.  A  partial  replication  of  earlier  findings.   Beginning  in  1972,  the 
National  Opinion  Research  Center,  under  a  grant  from  the  National  Science 
Foundation,  has  each  year  conducted  a  "General  Social  Survey,"  designed  to 
map  trends  in  the  beliefs,  values,  and  attitudes  of  the  American  population, 
and  to  discern  whether  there  are  any  changes,  over  time,  in  the  relationship 
between  social  structural  characteristics  and  these  subjective  phenomena. 

The  data  are  made  available  at  nominal  cost  to  all  research  workers 
interested  in  analyzing  them. 

The  1973  version  of  the  General  Social  Survey  included  a  battery  of 
questions  modeled  on  those  used  in  our  earlier  study  of  the  relationship 
between  social  class  and  father's  values  for  children.   These  provided  a 
basis  for  replicating  our  earlier  findings  and  interpretations.   Using 
confirmatory  factor  analysis,  we  found  that  the  dimension,  parental  valuation 
of  self-direction,  found  in  a  factor-analysis  of  the  1964  data,  fits  the  NORC 
1973  data  quite  wall.   Using  this  as  a  basis  for  constructing  a  comparable   ^, 
(1973)  index  of  parental  valuation  of  self-direction,  we  found  precisely  the  ^'' 
same  relationship  between  social  class  and  fathers'  values  as  in  the  earlier 
study.   Moreover,  in  these  data  as  in  the  original,  social  class  is  as 
strongly  related  to  fathers'  valuation  of  self-direction  as  are  all  other 
major  lines  of  social  demarcation  combined.   In  these  and  all  other  respects, 
the  NORC  1973  data  provide  a  precise  confirmation  of  the  original  findings 
and  support  for  the  original  interpretations. 

These  data  also  provide  an  important  extension  of  the  original 
findings.   The  1964  data  were  based  only  on  men;  the  1973  NORC  survey 
includes  women  as  well.   We  were  thus  able  to  replicate  all  our  analyses  of 
the  relationship  between  social  class  (as  well  as  other  components  of  social 
structure)  and  fathers'  values  to  see  how  well  they  hold  for  mothers'  values. 
The  findings  replicated  well. 

5.  The  relationship  between  occupational  mobility  and  fertility. 
Sociologists  believe  that  vertical  movement  is  a  critical  experience  for 
individuals  and  families.   The  transition  from  one  social  status  to  another  ^ 
can  produce  an  array  of  internal  and  interpersonal  disruptions.   The  change 
and  uncertainty  may  influence  subsequent  behavior  beyond  what  would  be 
expected  on  the  basis  of  social  origin  and  destination.   Family  formation 

is  one  variable  that  has  been  related  to  social  mobility.   It  is  known  to 
vary  by  socioeconomic  status  and  could  be  particularly  sensitive  to  changes 
in  status.   Marriage  and  childbearing  require  long-term  investment  and 
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responsibility.   If  one's  perception  of  his  life  chances  and  interests  is 
colored  by  the  experience  of  mobility,  then  marriage  and  fertility  decisions 
should  also  be  influenced  by  this  experience. 

Most  research  on  the  relationship  between  mobility  and  fertility  has 
focused  on  ultimate  career  and  fertility  outcomes  as  though  mobility  effects 
required  a  full  life  history  to  reveal  themselves.   In  fact,  though,  there 
is  little  empirical  evidence  to  confirm  a  relationship  between  final  career 
and  fertility  outcomes.   The  effect  of  longrun  social  mobility,  net  of 
social  origin  and  destination,  has  been  consistently  small  if  found  at  all. 
But  recent  mobility  experience  may  strongly  influence  family  formation.   By 
focusing  on  family  development  in  relation  to  a  series  of  status  transitions, 
one  can  study  the  mobility  experience  closest  to  immediate  marriage  and 
fertility  decisions. 

Joanne  Miller's  analysis  is  based  on  just  such  a  strategy:   she  has 
temporally  matched  status  transitions  with  the  timing  of  vital  events  to 
explore  the  relationship  between  immediately- preceding  mobility  and  vital 
events.   The  main  hypothesis  asserts  that  the  timing  of  marriage  and  child- 
bearing  is  sensitive  to  the  mobility  experience  immediately  preceding  the 
vital  event.   If  the  timing  of  vital  events  is  affected  by  status  transitions, 
then,  by  implication,  family  size  may  also  vary  by  mobility  experience. 
Large  families  are  generally  associated  with  early  age  at  marriage  and  short 
intervals  between  births.   The  inverse  relationship  between  timing  and  family 
size  is  not  a  necessary  one,  although  it  is  partially  controlled  by  involunt- 
ary factors.   Therefore,  it  is  important  to  distinguish  these  two  types  of 
effects. 

The  analysis  employs  selected  data  from  the  1964  national  survey, 
focusing  on  a  subsample  of  2447  married  men.   Information  on  the  timing  of 
four  vital  events  is  studied:   marriage,  and  first,  second,  and  third  births. 
Fertility  histories  are  inferred  from  the  respondent's  account  of  the  ages 
of  his  surviving  children.   The  date  of  marriage  is  obtained  from  a  direct 
retrospective  report.   The  respondent's  retrospective  account  of  his  job 
history  (up  to  18  jobs)  is  used  to  tack  social  position.   Each  job  is  dated 
and  classified  by  its  position  in  a  hierarchy  of  occupations,  the  Hollings- 
head  index  of  occupational  status.   Status  transitions  involve  movement 
between  these  categories.   By  linking  these  occupational  histories  to  the 
account  of  marriage  and  childbearing  in  time,  the  mobility  experience 
immediately  preceding  vital  events  is  ascertained. 

This  analysis  indicates  that  recent  mobility  experiences  affect  the 
timing  of  marriage  and  fertility  but  not  the  number  of  children  that  will  be 
born.   The  direction  of  the  mobility  does  not  differentiate  the  response; 
any  change  in  social  position,  upward  or  downward,  is  associated  with  delay 
in  marriage  and  longer  intervals  between  births.   Although  social  mobility 
is  not  the  major  variable  explaining  the  timing  of  marriage  and  fertility, 
recent  mobility  experience  does  have  a  significant  influence  on  these 
decisions,  explaining  up  to  10%  of  the  total  variation  in  timing.   These 
findings  emphasize  the  necessity  of  linking  occupational  and  fertility 
histories  in  time  so  that  the  impact  of  concurrent  experiences  can  be 
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evaluated.   A  focus  on  final  outcomes  obscures  the  dynamics  of  the  decision- 
making process  and  thus  the  true  impact  of  social  movement  on  other  life 


events. 


t 


THE  SOCIAL- STRUCTURAL  SOURCES  OF  STRESS 


Leonard  Pearlin's  inquiry  into  the  social- structural  sources  of 
stress  is  based  on  interviews  with  a  representative  cluster  sample  of  2300 
adults  in  the  urbanized  area  of  Chicago.   The  ultimate  purpose  of  the  study 
is  to  understand  the  daily,  recurring  problems  and  strains  experienced  by 
people  of  different  social  backgrounds,  the  emotional  stresses  and  psycho-   g^ 
logical  disturbance  that  may  result  from  these  strains,  and  the  coping 
strategies  that  are  used  to  deal  with  these  difficulties.   A  guiding 
perspective  of  the  study  is  that  many  important  experiences  are  organized 
around  people's  structural  locations  in  the  society  at  large,  and  when  these 
experiences  are  conflictful,  threatening  or  frustrating,  they  become  sources 
of  inner  distress. 

Much  of  the  analysis  of  the  past  year  focused  on  two  issues: 
differences  in  depression  among  people  of  different  marital  statuses,  and 
the  structure  and  efficacy  of  coping.   The  inquiry  into  marital  status  and 
depression,  begun  in  the  previous  year,  is  primarily  concerned  with  the 
frequently-noted  finding  that  never-married  and  formerly-married  people 
enjoy  less  psychological  well-being  than  do  the  married.   Although  this  has 
been  known  for  many  decades,  few  attempts  have  been  made  to  study  the 
reasons  for  it.   The  present  analysis  looked  at  durable  problematic  circum- 
stances that  are  differentially  woven  into  the  daily  lives  of  the  married 
and  the  unmarried;  circumstances  that  help  to  explain  the  differences  between 
these  groups  in  their  average  levels  of  depression.   Three  circumstances  are  ^^ 
especially  outstanding:   limited  economic  resources,  social  isolation,  and   ^ 
parental  responsibilities.   Each  of  these  circumstances  is  found  to  have  a 
particularly  depressive  effect  on  the  single.   But  when  the  unmarried  have 
ample  incomes,  when  they  are  part  of  a  social  network,  and  when  they  are 
free  of  responsibility  for  the  care  of  large  and  young  families,  then  their 
resistance  to  depression  becomes  more  similar  to  that  of  the  married. 

Coping,  the  second  major  analytic  issue  dealt  with  in  the  past  year, 
is  of  vital  impqrtance  in  determining  whether  life- problems  will  result  in 
stress.   The  interviews  contained  a  number  of  questions  asking  respondents 
how  they  deal  with  life- problems  in  various  of  their  social  roles.   These 
questions  were  developed  from  what  was  learned  prior  to  the  survey  proper 
in  unstructured  discussions  of  coping  practices  with  more  than  100  respond- 
ents.  Three  essential  types  of  coping  response  were  identified  in  these 
early  interviews:   those  directed  at  controlling  or  changing  the  situation 
giving  rise  to  a  problem;  those  functioning  to  shape  the  definition  and 
perceptions  of  problems  in  a  way  that  reduces  threat;  and  those  aimed  at 
living  with  stress  itself  by  reducing  its  tensions.   Regardless  of  their     ^^ 
particular  nature,  all  coping  responses  are  of  one  of  these  three  types. 
Very  distinct  from  behavioral  and  perceptual  responses  to  particular  problems 
are  the  personality  characteristics  that  constitute  psychological  resources 
for  coping.   Six  such  characteristics  are  delineated  and  measured  in  this 
study:   self- denigration,  denial,  the  disposition  to  more  toward  rather  than 
away  from  people  when  distressed,  mastery,  escape  from  awareness,  and 
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self-esteem.   Coping  traditionally  has  been  viewed  as  a  modal  style  of 
dealing  with  the  environment,  a  style  determined  by  personality  factors  of 
these  kinds.   However,  coping  cannot  be  understood  by  considering  personality 
dispositions  alone.   Responses  that  people  learn  from  others  of  similar 
background  and  experience  must  also  be  taken  into  account. 

Perhaps  the  most  fundamental  finding  to  come  out  of  the  preliminary 
analysis  is  that  coping  does,  indeed,  make  a  difference.   People  who  are 
exposed  to  life- strains  of  the  same  intensity  but  who  differ  with  regard  to 
the  levels  of  their  coping  activity  are  differentially  vulnerable  to  stress, 
with  the  most  active  copers  being  least  stressed.   Second,  it  has  been 
discovered  that  personality  characteristics,  usually  thought  to  underlie 
coping  styles,  are  actually  less  important  in  diminishing  the  stressful 
outcomes  of  life-problems  than  are  the  more  specific  responses  to  the  life- 
problems.   Third,  there  is  no  particular  coping  response  that  is  outstand- 
ingly more  effective  in  vitiating  stress  than  others.   Evidence  indicates 
that  the  successful  copers  are  not  people  who  have  found  a  single  device 
of  unusual  efficacy,  but  that  they  are  people  who  have  an  assortment  of 
responses  in  their  coping  repertoires.   To  do  nothing  is  the  worst  possible 
reaction  to  problems;  to  employ  a  variety  of  responses,  regardless  of  their 
content,  is  the  best  possible  strategy.   A  final  preliminary  finding  is  that 
there  are  definite  limits  to  coping  efficacy.   Some  problems  are  less 
amenable  to  individual  coping  interventions  than  others,  especially  those 
that  arise  in  the  more  impersonal  areas  of  life  such  as  occupational  and 
economic  activities.   By  contrast,  stresses  that  ordinarily  result  from 
problems  in  childrearing  and  marriage  are  more  effectively  mitigated  by 
individual  coping  effort. 

A  follow-up  of  this  study  is  currently  underway.   Pearlin  spent  much 
of  the  past  year  in  preparation  of  an  interview  schedule  to  be  used  with  the 
respondents  originally  interviewed  almost  four  years  ago.   Many  of  the  same 
questions  asked  in  the  first  phase  will  be  repeated  in  the  follow-up  study, 
making  it  possible  to  assay  changes  in  life-problems  in  the  various  role 
areas.   It  is  of  special  interest  to  learn  whether  psychological  adjustments 
to  such  changes  can  be  predicted  on  the  basis  of  coping  dispositions  known 
to  exist  at  an  earlier  time.   The  follow-up  survey  will  also  include  many 
questions  not  previously  asked,  especially  questions  revealing  the  loss  and 
gain  of  roles.   Thus,  respondents  will  be  asked  about  the  exit  or  entrance 
into  the  labor  market,  marriage,  divorce,  birth,  departure  of  children  from 
home,  and  other  role  transitions  involved  in  normal  life  cycles.   Again, 
interest  in  these  lies  in  the  identification  of  social  and  psychological 
conditions  that  make  such  transitions  either  precursors  of  mental  distress 
or  normal  experiences  taken  in  psychological  stride. 

HEALTH  ORIENTATIONS  OF  CHILDREN 

The  central  issue  in  John  Campbell's  research  is  to  learn  how 
children  acquire  and  modify  their  perspectives  on  illness  and  health.   The 
data  for  this  study  derive  from  264  hospitalized  children  and  their  mothers. 
Information  was  obtained  from  focused  interviews,  questionnaires,  and  rating 
scales.   Interviews  with  children  and  mothers,  and  questionnaires  completed 
by  mothers  provided  data  on  aspects  of  their  definitions  of  illness, 
reports  of  their  own  and  other  family  members'  feelings  and  actions  when  ill, 
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their  attitudes  and  beliefs  about  illness  prevention  and  treatment,  their 
values  in  selected  areas  not  directly  relevant  to  health,  and  their  views 
about  appropriate  standards  of  behavior  (i.e.,  what  should  or  should  not  be  ' 
done  in  circumstances  pertaining  to  illness  and  health).   Ratings  made  by 
nurses  in  the  hospital  setting  assessed  children's  emotional  dependence  and 
anxiety. 

Analyses  reported  previously  have  examined  the  development  of 
children's  appraisals  of  their  own  functioning  in  the  sick  role.   An  addit- 
ional research  focus  concerns  the  actions  of  the  mother  when  her  child  is 
ill,  for  social  roles,  by  their  very  nature,  involve  reciprocal  relation-    i 
ships. 

Mothers'  reports  of  their  own  functioning  when  their  child  is  sick 
provided  information  about  the  extent  to  which  the  mother  assigns  the  sick 
role  to  the  child,  her. communication  with  the  doctor  concerning  the  child, 
her  home  treatment  for  the  child's  illnesses,  and  her  general  concern  for 
her  child's  health. 

Children's  own  role  assessments,  as  has  been  indicated  in  an  earlier 
report,  are  strongly  related  to  measures  of  their  own  and  their  jiarents' 
status.   Indicators  of  status  are  also  significant  predictors  of  mothers' 
reports  of  their  own  functioning  when  the  child  is  ill.   But  these  general 
effects  are  almost  entirely  attributable  to  parental  status.   In  no  instance 
was  the  child's  age  or  sex  significantly  linked  to  any  one  of  the  four  areas 
of  maternal  functioning  noted  above.   Lower- status  mothers  more  readily 
attributed  the  sick  role  to  the  child  (encouraged  him  or  her  to  rest  when 
first  feeling  sick,  prolonged  the  convalescent  period,  and  the  like).   So, 
too,  lower  status  mothers  were  much  more  likely  to  indicate  that  they 
generally  worried  about  the  child's  health.   Mothers  whose  education  was 
limited  were  also  more  likely  to  take  home- treatment  measures  and  to 
communicate  less  often  with  their  child's  physician. 

As  one  would  naturally  expect,  mothers'  reported  functioning  when 
their  child  was  ill  was  strongly  linked  to  maternal  assessments  of  the 
child's  health.   After  general  status  effects  were  removed,  health  assess- 
ments showed  readily  anticipated  ties  to  maternal  functioning.   (For 
example,  the  less  healthy  the  mother  thought  the  child  to  be,  the  more 
concerned  was  she,  and  she  was  also  more  likely  both  to  contact  the  doctor 
and  to  initiate  prompt  home  treatment.)   That  a  mother's  judgments  of  a 
child's  health  would  have  an  effect  on  her  functioning  in  relation  to  that 
child  makes  good  "common  sense."   But  there  is  an  intriguing  complication. 
Views  of  health  are  themselves  subject  to  the  influence  of  factors  that  are 
not  themselves  directly  health- relevant.   For  example,  consider  the  impact 
of  objective  status  characteristics  on  mothers'  judgments  of  the  current 
health  of  the  child:   (a)  Older  children  and  boys  were  seen  as  more  healthy 
than  younger  children  and  girls.   (b)  Higher  parental  status  was  reflected 
in  assessments  of  better  health.   (c)  And  the  joint  effects  of  age  and  sex 
were  responsible  for  additional  significant  variation  in  mothers'  reports 
of  children's  health:   for  mothers  of  boys,  age  weighed  more  heavily  in 
health  appraisals  than  for  mothers  of  girls.   It  appears  that  assessment  of 
health,  a  judgment  crucial  to  subsequent  action,  is  made  in  part  on  the 
basis  of  factors  that  are  not  themselves  directly  relevant  to  health. 
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Other  judgments  the  mother  makes  about  her  child  are  of  similar 
importance  in  determining  her  own  actions  in  the  child's  illness;  the 
mother's  own  perceptions  constitute  a  critical  selecting  and  interpreting 
element  in  the  causal  chain.   It  might,  for  example,  be  difficult  for  a 
mother  to  ascertain  in  an  objective  fashion  that  a  child  is  a  bit  of  a 
malingerer,  magnifies  symptoms,  and  is  excessively  concerned  about  his  or 
her  health.   Yet  a  conviction  on  the  mother's  part  that  the  child  is  prone 
to  such  exaggerated  concern  about  health  is  tied  in  an  important  way  to 
several  areas  of  her  role  definition.   The  more  the  mother  casts  the  child 
in  the  malingerer  role,  the  less  likely  is  she  to  attribute  the  sick  role 
to  the  child,  the  more  likely  to  begin  home  treatment  for  the  child,  and, 
as  if  further  reflecting  her  own  ambivalence  about  her  judgment  in  this 
area,  the  more  likely  is  she  to  have  strong  concerns  about  the  child's 
health--not  simply  when  the  child  is  ill,  but  also  when  he  or  she  is  well. 

INTERACTIONS  OF  SOCIAL,  PSYCHOLOGICAL,  AND  PHYSIOLOGICAL  FACTORS 
IN  SCHIZOPHRENICS  AND  NORMALS 

Carmi  Schooler's  objective  in  these  studies  is  to  gain  understanding 
of  the  schizophrenic  process  by  examining  the  complex  interactions  among  the 
individual's  psychological,  biochemical,  and  physiological  systems  and 
between  all  of  these  and  his  social  environment.   This  year  has  seen  the 
completion  of  two  studies  dealing  with  different  aspects  of  this  project: 
One  investigated  evoked  response  and  Kinesthetic  Figural  Aftereffects 
(KFA)  in  a  schizophrenic  population,  and  the  other  investigated  the 
relationship  between  monoamine  oxidase  activity  (MAO)  and  psychological 
characteristics  in  a  normal  population. 

The  general  concept  underlying  the  study  of  evoked  response  and 
Kinesthetic  Aftereffects  is  stimulus  intensity  control.   According  to  this 
concept,  individuals  may  be  categorized  according  to  whether  they  augment 
or  reduce  the  perceived  intensity  of  stimuli.   The  empirical  foundation  is 
grounded  in  two  methods--Petrie' s  kinesthetic  figural  aftereffect  procedure 
(KFA)  and  EEG  average  evoked  response  (AER).   The  present  study  attempted 
to  replicate  the  central  results  of  earlier  studies  that  used  these  two 
methods  and  in  doing  so,  found  the  earlier  results  generally  replicable. 
Based  as  it  is  on  two  quite  different  procedures  and  on  a  diverse  sample 
of  schizophrenics,  this  replicability  attests  to  the  reliability,  generaliz- 
ability,  and  relevance  of  the  augmenting/ reducing  dimension  of  stimulus 
intensity  control. 

In  addition  to  showing  a  relationship  between  the  KFA  and  the  AER, 
the  present  study  replicated  a  series  of  earlier  findings  on  the  behavioral 
correlates  of  stimulus  intensity  control.   Thus,  it  confirms  the  hypothesis 
that  schizophrenics  with  paranoid  symptomatology  show  a  tendency  toward 
augmenting  in  their  AER  responses,  a  tendency  that  may  well  result  from 
their  need  to  constantly  scan  the  environment  for  "relevant"  changes. 

Finally,  a  series  of  replications  of  earlier  findings  hints  at  the 
function  that  stimulus- reducing  may  serve  for  schizophrenics.   The  lower  AER 
response  amplitudes  and  the  greater  level  of  stimulus- reducing  by  acute 
schizophrenics  when  compared  to  chronic  schizophrenics  or  to  normals,  taken 
together  with  schizophrenics'  reducing  on  both  the  KFA  and  AER  procedures 
being  related  to  good  intellectual  functioning,  suggests  that  there  is 
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something  about  being  acutely  schizophrenic  that  makes  the  individual  - 
particularly  vulnerable  to  being  inundated  with  stimuli.   The  reduction 
of  the  perceived  intensity  of  stimuli  may  well  function  to  protect  the 
individual  from  such  flooding;  in  fact,  acute  schizophrenics  who  are 
stimulus- reducers  are  more  likely  to  improve  than  are  those  who  are 
augmenters. 

All  of  this  is  obviously  speculation,  but  it  is  speculation  now 
based  upon  replication.   Further  support  for  this  speculation  comes  from 
a  second  study  completed  this  year.   This  study  aimed  at  clarifying  the 
relationship  between  MAO  activity  and  psychological  functioning  in  normal 
persons.   The  psychological  correlates  of  both  platelet  and  plasma  MAO 
were  examined.   The  psychological  measures  were  the  Zuckerman  Stimulus- 
Seeking  Scales,  the  Barron  Ego  Strength  Scale,  and  the  Nowlis  Mood  Scale. 
The  95  subjects  tested  were  students  or  staff  members  of  a  nearby  community 
college. 

In  this  sample  of  normal  individuals,  low  platelet  MAO  activity  is 
related  to  stimulus- seeking,  relatively  positive  affect,  and  good  ego 
strength,  all  possibly  compatible  with  the  picture  of  a  manic-prone  person 
suggested  by  the  hypothesis  that  low  platelet  MAO  is  a  precursor  of  an 
illness  with  a  manic  component  but,  on  the  face  of  it,  difficult  to 
reconcile  with  the  commonly  accepted  picture  of  the  schizophrenic  or 
pre- schizophrenic  personality. 

No  significant  relationships  were  found  between  plasma  MAO  activity 
and  the-  Barron  Ego  Strength  scale;  otherwise  the  psychological  correlates 
of  plasma  MAO  are  similar  to  those  of  platelet  MAO  in  suggesting  that  low 
MAO  activity  is  related  to  such  nonschizophrenic-appearing  characteristics 
as  stimulus- seeking  and  positive  affect.   The  correlations  between  MAO 
activity  level  and  reported  activities  also  parallel  those  of  the 
psychological  variables  in  that  individuals  with  low  MAO  activity  levels 
tend  to  use  their  leisure  time  in  a  more  active  and  stimulus- seeking 
manner. 

This  description  of  the  personality  correlates  of  low  MAO  levels 
obviously  raises /questions  about  the  meaning  of  reportedly  low  platelet 
MAO  levels  in  schizophrenia.   Earlier  investigators  had  suggested  that 
reduced  platelet  MAO  activity  is  a  possible  genetic  marker  for  vulnera- 
bility to  schizophrenia.   The  seeming  incompatibility  of  the  present 
findings  with  such  a  hypothesis  suggests  a  reexamination  of  the  empirical 
bases  of  this  hypothesis. 

If  low  platelet  MAO  level  is  a  true  genetic  marker  for  schizophrenia 
and  not- -at  least  in  part- -a  result  of  the  schizophrenic  process,  and/or 
its  concomitants,  the  nonschizophrenic  twins  of  monozygotic  twin  pairs     „m 
discordant  for  schizonhrenia  should  have  significantly  lower  platelet  MAO   ^ 
levels  than  a  comparable  normal  sample.   The  principal  published  analysis, 
based  on  MAO  levels  for  13  twins  discordant  for  schizophrenia,  indicates 
this  to  be  the  case.   But  these  data  include  one  person  who,  although  listed 
among  the  nonschizophrenic  twins,  is  described  as  having  a  diagnosis  of 
borderline  schizophrenia.   If  this  one  individual  is  excluded  from  the 
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analysis  and  "the  t-tcst  between  the  nonschizophrenic  twins  and  the  compar- 
able normal  sample  is  recalculated,  the  t-value  of  the  differences  between 
the  two  groups  does  not  reach  the  .05  level  of  statistical  significance, 
even  when  a  one- tailed  test  is  used. 

As  would  also  be  expected  if  low  platelet  MAO  is  a  genetic  marker 
for  schizophrenia,  the  earlier  investigators  found  that  their  13  schizo- 
phrenic index  cases  and  their  nonschizophrenic  co-twins  had  essentially 
the  same  MAO  platelet  levels.   However,  to  insure  that  the  presence  of  the 
disease  itself  does  not  affect  platelet  MAO  level,  the  comparison  should 
be  limited  to  those  twin  pairs  in  which  the  index  case  is  not  currently  in 
remission.   When  this  is  done,  the  sample  is  reduced  to  six  pairs.   Even 
with  this  small  number,  the  difference  in  platelet  MAO  level  between  the 
schizophrenic  and  nonschizophrenic  twins  reaches  p=.076  on  a  two- tailed 
test  (t=2.23)  and  p=.038  on  the  one-tailed  test  of  statistical  signific- 
ance.  Given  these  levels  of  significance,  it  seems  hasty  to  accept  the 
null  hypothesis  of  no  difference  between  the  platelet  MAO  levels  of  the 
index  cases  and  their  nonschizophrenic  co- twins. 

Even  though  the  present  findings  cast  doubt  on  the  possibility  that 
the  low  MAO  level  apparently  found  among  chronic  schizophrenics  is  entirely 
due  to  a  genetic  marker  for  vulnerability  to  schizophrenia,  they  do  not 
rule  out  the  possibility  of  a  relationship  between  a  low  platelet  MAO 
level  and  schizophrenia,  in  that  something  about  the  schizophrenic  process 
may  lower  platelet  MAO  levels.   Nor  is  there  anything  in  these  findings 
incongruent  with  the  possibility  that  a  low  platelet  MAO  level  is  a 
genetic  marker  for  manic  behavior  or  for  bipolar  disorder. 
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Annual  Report  for  1976 
Laboratory  of  Brain  Evolution  and  Behavior 
National  Institute  of  Mental  Health 
Paul  D.  MacLean,  M.D.,  Chief 


In  advocating  a  comparative  approach  to  the  study  of  the 
brain  and  behavior,  C.  Judson  Herrick  once  said  that  there  is  no 
experiment  that  nature  has  not  done  for  us.   By  that  he  meant 
that  a  detailed  knowledge  of  special  differences  in  the  brains 
and  behavior  of  diverse  species  would  make  it  possible  to  dis- 
cover many  correlations  between  structure  and  function.   With 
the  near  completion  of  our  perimeter  fencing,  we  shall  be  better 
equipped  to  realize  some  of  Herrick 's  expectations.   Up  until 
now  the  experimental  use  of  our  outdoor  habitats  has  been 
hampered  by  feral  dogs  and  human  hunters!   The  work  in  question, 
however,  is  but  one  aspect  of  a  main   investigation  having  a 
major  thrust  towards  understanding  forebrain  mechanisms  of 
species-typical,  prosematic  (non-verbal)  behavior  that  provides 
the  backbone  of  social  communication  not  only  in  animals,  but 
also  in  hiaman  beings.   The  present  summary  will  include  a  brief 
review  of  work  concerned  with  that  problem,  as  well  as  mention 
of  new  developments  regarding  the  Unit  for  Research  on  Behavioral 
Systems  and  its  studies  of  the  dynamics  of  overpopulation. 

In  its  evolution,  the  primate  brain  has  retained  the  struc- 
ture, chemistry,  and  organization  of  three  brain  types  character- 
ized as  reptilian,  paleomammalian,  and  neomammalian.   It 
constitutes,  so  to  speak,  a  triune  brain.   Advances  in  neuro- 
chemistry  over  the  past  2  5  years  would  almost  suggest  that  the 
two  older  formations  of  the  brain — the  reptilian  (striatal 
complex)  and  paleomammalian  (limbic  system) — not  only  have  the 
properties  of  a  brain  in  the  traditional  sense,  but  also  function 
in  some  respects  like  a  gland  with  multiple  secretions.   To 
state  this  does  not  mean  a  reversion  to  the  view  of  Cabanis  that 
the  brain  "secretes  thought".   Nevertheless,  it  is  of  fascinating 
interest  that  dopamine,  rising  like  a  neural  sap  from  the 
substantia  nigra  to  parts  of  the  striatal  complex,  appears  to  be 
implicated  in  neural  mechanisms  that  bring  into  operation  the 
total  energies  of  the  organism. 

In  our  Laboratory  it  has  been  adopted  as  a  working  hypo- 
thesis that  the  striatal  complex  plays  a  basic  role  in  organ- 
izing the  expression  of  species-typical,  prosematic  behavior. 
In  preceding  work  it  was  shown  that  the  medial  pallidal  segment 
of  the  striatal  complex  and/or  its  projecting  pathways  are 
essential  for  the  expression  of  the  species-typical,  mirror 
display  behavior  of  gothic-type  squirrel  monkeys.   Additional 
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experiments  o"f  the  past  year  have  indicated  that  the  tegmental 
area  (an  important  site  of  pallidal  projections)  provides  an       ^ 
essential  substrate  for  the  expression  of  the  display.   (Paren-    ^ 
thetically,  it  is  of  interest  that  young  animals  with  lesions  of 
tegmental  pathways  develop  a  senile  appearance  in  both  looks  and 
actions.) 

Further  evidence  that  the  evolutionary  and  neural  roots  of 
organized  display  behavior  can  be  traced  to  the  paleostriatum 
has  been  obtained  in  experiments  on  the  common  green  Anolis        ^ 
lizard.   Because  the  optic  nerves  are  almost  entirely  crossed      ^ 
in  the  lizard,  a  lesion  can  be  placed  in  the  paleostriatum  of 
one  hemisphere  and  then  the  animal ' s  display  behavior  tested 
with  either  eye  covered.   When  looking  with  the  eye  projecting 
to  the  deficient  hemisphere,  the  lizard  shows  no  interest  in  an 
antagonist.   But  when  allowed  to  look  with  the  eye  leading  to 
the  intact  hemisphere,  it  immediately  gives  its  full  territorial, 
aggressive  display. 

The  olfactory  system  with  its  strong  connections  to  the 
olfactostriatum  and  parts  of  the  limbic  system  plays  an  impor- 
tant role  in  feeding,  procreational,  and  protective  behavior 
required  for  self  preservation  and  the  preservation  of  the  species. 
In  hamsters  it  is  known  that  bilateral  excision  of  the  olfactory 
bulbs  abolishes  mating  behavior.   The  role,  however,  of  the 
accessory  olfactory  bulbs  connected  with  the  vomeronasal  organ 
is  not  known.   Experiments  conducted  during  the  past  year 
indicate  that  section  of  the  vomeronasal  nerves  may  result  in  a    ^ 
transient  interference  with  mating  behavior  of  experienced  males. 
Apparently  a  small  remanant  of  one  olfactory  bulb  is  sufficient 
to  maintain  normal  mating  behavior. 

In  the  field  of  neurophysiology  and  neuroanatomy,  there  is 
hardly  an  area  of  greater  ignorance  than  the  one  concerning  the 
course  of  ascending  visceral  systems  to  the  forebrain.   It  is  a 
question  not  only  relevant  to  an  understanding  of  neural  mechan- 
isms involved  in  psychosomatic  aspects  of  visceral  function,  but 
also  those  requisite  for  memory  and  a  sense  of  personal  identity. 
Further  microelectrode  experiments  dealing  with  this  problem 
have  revealed  that  vagal  volleys  elicit  complex  responses  of 
units  of  the  amygdala,  hippocampus,  and  putamen. 

Particularly  significant  for  our  research  efforts  was  the 
introduction  this  year  of  a  minicomputer  with  a  high-speed 
graphics  system  for  the  analysis  and  portrayal  of  data.   Just  as 
significant  in  regard  to  computer  software  was  the  writing  of      ^H 
new  programs  for  solving  difficult  problems.   An  illustration 
would  be  a  program  that  substitutes  wave-form  recognition  for 
the  traditional,  less  trustworthy  window-discriminator  for 
identifying  spike  potentials  of  particular  nerve  cells. 
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In  menti"oning  computers,  it  should  be  noted  that  a  major 
unsolved  problem  for  students  of  animal  behavior  is  that  of 
obtaining  quantifiable  measures  of  behavioral  patterns  and 
their  sequences.   The  sequences  of  the  patterns  might  be  likened 
to  the  "Morse  code"  of  social  communication.   A  graduate  student 
working  in  our  Laboratory  is  using  computer-assisted  event 
recording  and  time  series  analysis  as  a  means  of  obtaining 
measures  of  such  behavior.   Once  such  methods  are  worked  out, 
they  can  be  used  for  obtaining  a  dynamic  comparison  of  an 
animal's  behavior  before  and  after  experimental  manipulation. 

The  past  year  has  also  seen  an  auspicious  development  in 
regard  to  the  Unit  for  Research  on  Behavioral  Systems  (URBS) , 
which  is  concerned,  not  with  brain  mechanisms  of  behavior,  but 
with  ecological  factors  of  population  dynamics.   It  will  be 
recalled  that  in  1969  U-Thant  sounded  the  warning  that  there 
remained  only  ten  years  to  find  solutions  for  the  world's 
exploding  population  and  its  consequent  problems.   Warnings  of 
this  kind  invariably  arouse  consternation  about  providing  the 
necessities  of  life,  dealing  with  pollution,  and  the  like. 
The  research  being  conducted  by  URBS  takes  cognizance  of  the 
findings  that  the  psychological  "stresses"  of  crowding  may  bring 
about  a  collapse  of  social  structure  despite  an  ample  provision 
of  the  necessities  of  life.   The  recognition  of  this  possibility, 
needless  to  say,  has  far  reaching  implications  in  regard  to  the 
mission  of  the  National  Institute  of  Mental  Health.   Since  there 
seems  to  be  hardly  any  other  organization  doing  research  in  this 
important  area,  it  is  gratifying  that,  beginning  this  past  year, 
a  means  was  found  for  bringing  postdoctoral  fellows  to  the 
Laboratory  for  periods  of  1  to  3  years  to  collaborate  in  long- 
term  studies  on  the  psychological  effects  of  crowding.   Thus 
far,  four  post-doctoral  fellows  have  joined  the  URBS  Program 
to  participate  in  two  6-year  studies  involving,  respectively, 
mice  and  rats.   The  habitats  for  these  experiments  have  been 
constructed  and  the  colonizing  animals  introduced. 

In  the  mouse  study,  which  is  a  replication  of  one  conducted 
several  years  ago,-  an  attempt  will  be  made  to  identify  those 
factors  that  lead  to  such  a  disruption  of  social  communication 
in  an  overpopulated  environment  that  eventually  the  neglected 
(and  often  abused)  young  fail  to  acquire  the  requisite  behavior 
for  procreation.   The  second  long-term  study  deals  with  the 
question  of  whether  or  not  the  provision  of  an  "enriched"  envir- 
onment and  devices  for  promoting  cooperative  efforts  will  make 
it  possible  for  rats  to  tolerate  a  higher  population  density 
than  a  control  population  without  such  "social  prostheses". 
For  example,  by  means  of  computer  recognition  and  control,  it  can 
be  arranged  that  a  rat  can  obtain  water  by  pressing  a  lever 
only  when  a  member  of  its  own  clan  is  in  the  next  cubicle. 

Finally,  attention  should  be  called  to  an  event  that  was 
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unusually  meaningful  to  the  workers  of  our  Laboratory — a  visit 
on  April  2  3  from  Professor  and  Mrs.  Raymond  Arthur  Dart.   Many 
who  are  familiar  with  Professor  Dart's  notorious  discovery  in 
1924  of  Australopithecus  af ricanus  and  with  his  subsequent  work, 
are  unaware  of  his  contributions  to  comparative  neuroanatomy. 
For  the  seminar  he  chose  as  the  title  of  his  talk,  "Some  Neuro- 
logical Heresies" ! 
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Annual  Report  of  the  Laboratory  of  Cerebral  Metabolism 
National  Institute  of  Mental  Health 

Louis  Sokoloff,  Chief 
July  1,  1975  through  June  30,  1976 


The  two  Sections  of  the  Laboratory  of  Cerebral  Metabolism  are  just 
completing  a  stable  year  of  steady  progress  in  previously  initiated  research 
projects  which  are  constantly  being  extended  into  new  areas  as  old  questions 
are  answered  and  published.   Both  Sections  have  also  continued  to  benefit 
from  the  opportunity  to  utilize  guest  workers  supported  by  extra-NIMH  funds 
which  have  served  to  augment  their  staffs  and  allow  broader  lines  of 
■,  investigation. 

Section  on  Developmental  Neurochemistry 
Louis  Sokoloff,  Chief 

This  Section  has  continued  studies  on:   a)  the  development  and 
application  of  methods  for  studying  the  local  cerebral  circulation  and 
metabolism;  b)  the  mechanism  of  action  of  thyroid  hormones  and  their  role  in 
the  postnatal  maturation  of  the  brain;  c)  the  energy  metabolism  of  the 
developing  and  mature  brain  in  health  and  disease;  and  d)  the  biochemical 
mechanisms  of  the  alcohol-withdrawal  syndrome. 

^ ,   a)  All  the  theoretical  and  technical  problems  in  the  development  of  the 
[   C]deoxyglucose  method  for  the  measurement  of  local  cerebral  glucose 
utilization  have  been  solved,  and  the  method  is  now  fully  operational  in  the 
rat.   The  necessary  experiments  to  make  it  fully  quantitative  in  the  monkey 
and  cat  are  now  in  progress,  and  the  method  should  become  fully  applicable 
for  quantitative  studies  in  these  species  also  within  the  next  few  months. 

The  method  has  already  been  used  quantitatively  in  a  variety  of 
studies  in  the  rat.   Normal  values  for  glucose  consumption  have  been 
determined  in  over  30  structural  and  functional  units  of  the  conscious  rat 
brain.   The  effects  of  thiopental  anesthesia  have  been  studied. 
M.  H.  Des  Rosiers  (Guest  Worker  from  M.R.C.,  Canada)  has  found  that  even 
moderately  raised  levels  of  C0„  in  the  blood  depress  glucose  consumption 
throughout  the  brain.   He  is  currently  in  the  process  of  determining 
whether  oxygen  consumption  is  affected  also.   L.  Wolfson  (Guest  Worker, 
Einstein  Medical  School,  N.  Y.)  has  found  that  y-butyrolactone,  an  agent 
that  produces  a  hypnotic,  trance-like  state,  markedly  depresses  cerebral 
glucose  consumption  throughout  the  brain.   The  effect  is  fully  reversible 
and  might  possibly  be  useful  as  a  substitute  for  hypothermia  in  surgery. 
0.  Sakurada  (Visiting  Associate  from  Japan)  is  presently  engaged  in  studies 
in  collaboration  with  W.  Klee  (Laboratory  of  General  and  Comparative 
Biochemistry)  on  the  effects  of  acute  morphine  administration,  morphine 
addiction,  and  morphine-withdrawal  on  local  cerebral  glucose  utilization  in 
the  rat.   The  results  thus  far  indicate  that  a  number  of  cerebral 
structures  are  affected,  generally  by  the  reduction  of  glucose  consumption. 
M.  Shinohara  (Visiting  Fellow  from  Japan)  is  carrying  out  similar  studies 
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on  the  effects  of  LSD  which  also  appears  to  reduce  cerebral  glucose 

consumption  selectively  in  a  number  of  cerebral  structures.   Similar  ^ 

studies  will  be  done  with  marihuana,  epinephrine,  and  amphetamine. 

R.  Collins  (Guest  Worker,  Cornell  University)  has  studied  the  effects  of 

focal  epilepsy  produced  experimentally  by  local  instillation  of  penicillin 

in  the  motor  cortex  of  the  rat;  he  has  found  3-4  fold  increases  in  cerebral 

glucose  utilization  during  focal  fits  in  the  motor  cortex,  some  specific 

thalamic  nuclei,  substantia  nigra,  and  cerebellum  of  the  affected  side.  He 

also  found  unequivocable  evidence  of  the  existence  of  a  "mirror  focus"  in  the 

contralateral  motor  cortex.  (m 

The  method  employs  an  autoradiographic  technique  for  measurement  of  the 
tissue  radioactivity.   Even  without  quantitation  the  autoradiographs ,  which 
are  really  pictorial  representations  of  the  relative  rates  of  local  cerebraj. 
glucose  utilization,  can  be  used  to  map  the  areas  of  brain  that  are 
metabolically  and  quantitatively  aroused  or  depressed.   C.  Kennedy  (Guest 
Worker,  Georgetown  University)  has  been  using  the  technique  to  map  the 
functional  visual  pathways  in  the  adult  and  newborn  monkey.  With  this 
approach  he  has  been  able  to  pinpoint  the  exact  locus,  size,  and  shape  of  the 
visual  cortical  loci  of  the  blind-spots  of  the  visual  fields.   He  has  also 
been  able  to  visualize  the  full  structural  pattern  and  extent  of  the  ocular 
dominance  columns  of  Hubel  and  Wiesel. 

b)  The  studies  of  the  mechanism  of  action  of  thyroid  hormones  were 
severely  curtailed  during  the  past  Ygar  as  personnel  and  resources 
were  increasingly  diverted  to  the  [  C]deoxyglucose  project.   The  only 
experiments  currently  in  progress  are  those  still  needed  to  complete  the 
studies  of  the  effects  of  thyroid  hormones  on  mitochondrial  pyridine  1^ 
nucleotides.   The  earlier  finding  that  the  hormones  cause  rapid  loss  of 
pyridine  nucleotides  from  mitochondria  in  vitro  has  now  been  shown  to  have 
physiological  significance.   Studies  of  the  time  course  of  the  effect  of  a 
single  small  dose  of  hormone  in  vivo  show  a  fairly  rapid  fall  in  the 

pyridine  nucleotide  content  of  liver  mitochondria. 

c)  E.  Kaufman,  G.  Fitzgerald,  and  T.  Nelson  (Guest  Worker,  Georgetown 
University)  have  continued  studies  on  the  physiological  implications  of 
ketone  body  utilization  by  brain.   The  possibility  that  some  types  of 
metabolic  coma,  such  as  diabetic  coma,  might  be  caused  by  the  forced 
excessive  utilization  of  ketone  bodies  by  brain  because  of  the  severe 
ketosis,  has  been  clearly  ruled  out  by  studies  with  infusions  of  ketone 
bodies.   Studies  have  been  continuing  on  the  effects  of  coma  caused  by 
short-chain  fatty  acids,  e.g.,  octanoic  acid.   Octanoic  acid  produces  a 
comatose  state  which  cannot  be  attributed  to  the  associated  ketosis.   It  does, 
however,  profoundly  depress  cerebral  glucose  utilization,  as  measured  with 
the  [  C]deoxyglucose  method.   Preliminary  results  suggest  that  octanoic  acid 

may  raise  the  brain  y-hydroxybutyric  acid  level.   y-Hydroxybutyric  acid  is      ^ 
the  active  product  of  y-butyrolactone  and  normally  is  present  in  brain  in 
trace  amounts.   Enzymes  that  synthesize  and  metabolize  yhydroxybutyric  acid 
have  been  identified  in  brain,  and  they  are  in  the  process  of  being 
isolated  and  purified  for  studies  of  their  properties,  regulatory  behavior, 
etc. 
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d)  R.  J.  S.  Duncan  (Visiting  Associate,  U.K.)  has  completed  his  studies 
on  the  nature  of  the  alcohol  dehydrogenase  activity  in  brain.    By 
immunochemical  studies  he  was  able  to  prove  the  identity  of  the  brain 
alcohol  dehydrogenase  with  the  liver  enzyme.   These  studies  have  been 
published,  and  with  Duncan's  departure,  the  project  is  being  temporarily 
suspended  for  lack  of  personnel. 

Section  on  Myelin  Chemistry 
Marian  W.  Kies,  Chief 


The  research  of  the  Section  has  continued  in  the  same  general  direction 
of  previous  years — the  relation  between  structure  and  biological  activity  of 
myelin  basic  protein  (BP) .   The  protein  is  of  considerable  interest 
biochemically  because  of  its  unusual  susceptibility  to  various  enzjnnatlc • 
reactions:   proteolytic  degradation,  phosphorylation,  dephosphorylation, • 
methylation,  deamidation,  loss  of  C-terminal  amino  acids,  etc.   All  of  these 
suggest  an  important  metabolic  role  for  BP  which  to  date  has  no  known  ^  ■ 
,  function  other  than  its  role  as  a  structural  protein  of  myelin.     nti  Jo 

a)  Phosphorylation.   Dr.  Martenson  and  Mrs.  Deibler  have  continued  their^ 
studies  on  the  secondary  modifications  which  alter  the  charge  of  BP.   They 
have  shown  that  two  residues  in  the  polypeptide  chain  are  phosphorylated 
(threonine  and  serine) .   There  are  many  such  residues  and  the  introduction  of 
phosphate  is  highly  specific — both  residues  are  located  in  the  C'-terminal 
half  of  the  chain.   Introduction  and  removal  of  phosphate  probably  plays  'an 
important  role  in  the  control  of  ionic  interactions  between  basic  proteitt 
and  acidic  lipids.   (None  of  the  other  proteins  in  myelin  contain     ■  -'; 
phosphorylated  residues  nor  can  they  be  phosphorylated  in  vitro . )   It  is  of 
considerable  significance  that  enzymes  for  both  introduction  and  removal  of 
phosphate  from  BP  are  found  in  the  myelin  fraction  of  CNS  tissues. 

Work  in  the  Laboratory  has  demonstrated  that  BP  exists  in  multiple 
forms,  that  phosphorylation  can  account  for  only  part  of  this  heterogeneity, 
and  that  the  multiple  forms  undoubtedly  exist  in  vivo.   Demonstration  of  the 
latter  was  facilitated  by  using  a  technique  termed  "freeze-b lowing".   Brains 
were  collected  within  seconds  of  death  in  a  planchet  pre-cooled  with  liquid 
nitrogen.   BP  isolated  from  freeze-blown  brains  possesses  the  same  charge 
heterogeneity  as  the  usual  BP  preparation.   Therefore,  heterogeneity  is  not 
caused  by  autolytic  changes  which  take  place  after  death. 

b)  Structure  of  Encephalitogenic  Sites.   Drs.  Martenson  and  Nomura  are 
attempting  to  localize  the  site  in  guinea  pig  basic  protein  which  induces 
acute  EAE  in  the  Lewis  rat.   This  site  is  known  to  occur  between  residues 
43  and  88  in  a  peptide  previously  isolated  from  guinea  pig  basic  protein  by 
limited  peptic  digestion.   a-Protease  from  rattlesnake  venom  splits  three 
bonds  in  this  peptide  very  specifically:   Arg/Thr,  Pro/Gin  and  Ser/Gln.   The 
C-terminal  portion  of  peptide  43-88  corresponding  to  residues  73-88 
(Gln-Lys-Ser-Gln-Arg-Ser-Gln-Asp-Glu-Asn-Pro-Val-Val-His-Phe)  was  isolated 
here  and  tested  by  Dr.  S.  Levine  in  New  York.   He  found  the  fragment  to  be 


highly  encephalitogenic  in  Lewis  rats.   Loss  of  Val-His-Phe  from  the 
C-terminal  end  did  not  decrease  the  activity.   Another  proteinase,  w 

thermolysin,  is  being  used  to  localize  the  rat  encephalitogenic  site  more 
precisely. 

c)  Antigen  Binding  Sites.  Mrs.  Bacon  has  continued  her  immunologic  experiments 
on  rabbit  antisera  induced  with  various  species  of  basic  protein.   Recently 

we  succeeded  in  obtaining  a  considerable  quantity  of  antiserum  to  homologous 
(rabbit)  basic  protein.   Previous  attempts  had  failed,  probably  because  of  the 
susceptibility  of  the  rabbits  to  experimental  allergic  encephalomyelitis.   In  (( 
our  experience  rabbit  basic  protein  has  been  more  encephalitogenic  than  most 
heterologous  BP  preparations. 

In  a  collaborative  study  with  Dr.  E.  Borris  and  Dr.  F.  Fienemann  of  Hannover, 
Germany,  we  have  purified  antibodies  to  basic  protein  by  affinity 
chromatography  on  BP-Sepharose.   We  plan  to  purify  these  anti-BP  globulins 
further  by  fractionation  on  Sepharose  coupled  to  fragments  of  BP  rather  than 
to  whole  BP.   BP-antibodies  have  already  been  found  to  consist  of  a  mixture 
of  antibodies  that  bind  different  regions  of  the  molecule.   Our  goal  is  to 
prepare  sufficient  mono-specific  antibodies  to  study  their  biological 
activities . 

d)  Specificity  of  Prevention  of  EAE.   Protection  of  guinea  pigs  against  EAE 
by  immunization  with  BP  in  IFA  (emulsion  without  mycobacteria)  prior  to 
sensitization  with  BP  in  CFA  (emulsion  with  mycobacteria)  is  a  potential  model 
for  therapy  of  patients  with  multiple  sclerosis.   In  a  search  for  a  safe 
therapeutic  regimen.  Dr.  Driscoll  has  compared  the  protective  effect  of  whole 

BP  with  that  of  peptides  derived  from  it  whether  by  peptic  digestion  or        ' 
chemical  cleavage.   Fragments  which  do  not  contain  the  fully  active 
encephalitogenic  site  are  either  ineffective  or  relatively  ineffective  at 
protection.  We  believe  that  the  partial  protection  afforded  by 
nonencephalitogenic  peptides  can  be  explained  by  contamination  of  these 
peptides  with  highly  encephalitogenic  fragments.   This  belief  is  supported, 
though  not  proven,  by  two  observations:   1)  "partially  protective" 
fragments  which  are  normally  nonencephalitogenic  are  encephalitogenic  at 
high  dosage,  and  2)  they  exhibit  fluoresence  characteristic  of 
tryptophan  peptides.   (The  only  tryptophan  in  the  basic  protein  molecule 
is  located  in  the  encephalitogenic  region.) 

These  results  suggest  that  further  search  for  a  nonencephalitogenic 
"protective"  antigen  would  be  relatively  unrewarding.   Encephalitogenic 
peptides  administered  in  saline  or  IFA  are  nonencephalitogenic,  at 
least  in  experimental  animals.   Thus,  the  potential  danger  to  patients 
is  probably  not  excessive. 
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Budgetary  restrictions,  especially  the  limitation  of  positions 
continues  to  affect  adversely  the  overall  productivity  of  the 
members  of  the  laboratory  in  1976,  as  they  have  in  1975  and  1974. 
The  laboratory  continues  to  be  productive  and  creative,  but  as  a 
result  of  the  limitation  in  number  of  budgeted  positions  most  of 
the  projects  continue  to  be  inadequately  supported  and  we  are 
unable  to  take  full  advantage  of  the  developments,  discoveries 
and  ideas  which  are  generated  within  the  laboratory  from  our  own 
work.   It  should  be  emphasized  that  these  limitations  apply 
largely  to  the  number  of  positions  and  not  to  the  overall  budget 
which  remains  adequate  for  our  equipment  and  supply  needs. 

Drs.  Cantoni,  Uhlendorf  and  Scarpa  continue  to  study  muscle 
differentiation  in  vitro.   The  basic  biochemistry  of  the  differen- 
tiation process  is  very  fundamental  in  the  normal  development  of 
the  various  cell  types  of  the  brain  and  also  of  many  other  tissues. 
We  have  chosen  as  a  model  the  growth  and  differentiation  of 
embryonic  skeletal  muscle  cells  in  culture.   We  have  now  estab- 
lished that  the  myoblast  line  in  culture  can  differentiate  in  a 
chemically  defined  medium.   V/hole  fetal  calf  serum  (F.C.S.)  is 
required  to  maintain  through  serial  passage  the  competence  of  the 
myoblast  line  to  differentiate;  but  it  is  required  only  in  trace 
amounts  for  the  process  of  differentiation  of  myoblasts  into 
myofibers.   We  have  further  discovered  that  mononucleated  myoblasts 
become  "committed"  to  differentiate  during  culture  in  medium  low 
in  F.C.S. ,  and  proceed  to  do  so  even  when  cultural  conditions  are 
modified  in  order  to  favor  growth  over  differentiation. 

We  are  exploring  the  role  of  cell  membranes  and  other  macro- 
molecular  components  of  the  cell  in  the  early  stage  of  differen- 
tiation.  In  collaboration  with  Dr.  R.  Adelstein  of  the  NHLI,  we 
continue  in  our  effort  to  characterize  the  properties  of  the 
myosin  system  present  in  differentiated  myofibers  and  compare  it 
with  the  myosin  system  found  in  mononucleated  myoblasts  and  fibro- 
blasts. 

With  Dr.  Chiang  and  H.  Richards,  Dr.  Cantoni  continues  his  studies 
on  the  biochemistry  of  S-adenosylmethionine  (AMe) ,  and  S-adenosyl- 
homocysteine  (ASR) .   These  investigations,  now  in  their  26th  year, 
continue  to  be  extremely  productive.   AMe  is  a  methyl  group  donor 
of  central  importance  in  human  metabolism,  functioning  in  some 
100  different  enzymatic  reactions  of  intermediary  metabolism. 
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It  has  been  discovered  that  AMe  synthetase  in  yeast  exists  in 
two  forms  which  are  interconvertible.   This  is  a  finding  of  great ^ 
potential  interest  because  it  suggests  the  possibility  that  AMe 
synthetase  may  be  subject  to  regulatory  controls  within  the  cell 
although  the  nature  of  such  controls  remains  to  be  elucidated. 
ASR  synthetase  has  been  purified  to  homogeneity  and  crystallized 
by  Richards  and  the  kinetics  of  the  enzyme  and  its  mechanism  of 
action  have  been  studied.   Moreover,  we  have  examined  the  activity 
of  more  than  40  analogues  of  ASR  for  their  ability  to  serve  as 
substrate  or  inhibitor  of  this  important  enzyme.   Many  of  the     (^ 
analogues  had  been  especially  synthesized  by  Dr.  R.  Borchardt 
under  a  contract  between  NIMH  and  the  University  of  Kansas.   One 
of  the  compounds  that  has  been  investigated  is  3-deazaadenosine, 
a  powerful  inhibitor,  and  deserves  further  study  in  intact  cells 
and  in  whole  animals  as  a  potential  pharmacological  agent. 

Dr.  Klee  has  continued  his  studies  on  the  mechanism  of  action  of 
morphine  and  other  opiates.   In  this  work  he  has  collaborated 
with  Drs.  M.  Nirenberg,  S.  K.  Sharma  and  A.  Lamport  of  the  NHLI 
and  E.  L.  May,  A.  E.  Jacobson  and  K.  C.  Rice  of  the  NIAMD.   This 
work  has  made  rapid  progress  due,  in  large  part,  to  the  favorable 
properties  of  the  neuroblastoma  x  glioma  cell  culture  system 
which  they  have  exploited.   They  have  developed  a  model  for  opiate 
tolerance  and  dependence  which  is  based  on  the  dual  regulation  of 
adenylate  cyclase  by  these  drugs  when  complexed  to  their  receptors. 
In  the  model,  the  acute  actions  of  the  opiates  are  due  to  a  rapid 
inhibition  of  adenylate  cyclase  activity  and  the  consequent  de-    ^ 
crease  in  cellular  cAMP  levels.   As  a  homeostatic  response,  the   ^ 
cells  slowly  increase  the  total  expressible  amount  of  enzyme 
activity  so  that  cAMP  levels  return  to  normal  even  in  the  con- 
tinued presence  of  morphine.   The  cells  are  therefore  tolerant  to 
the  drug.   They  are  also  dependent  upon  the  drug  since  its  rapid 
removal  leads  to  the  expression  of  an  abnormally  high  amount  of 
adenylate  cyclase  activity  and  therefore  abnormally  high  cAMP 
levels.   This  last  response  is  a  biochemical  model  for  the  with- 
drawal syndrome. 

An  exciting  recent  development  in  the  morphine  field  has  been  the 
characterization  of  a  class  of  brain  peptides,  the  endorphins  and 
enkephalins,  as  fragments  of  the  pro-hormone  B-iipotropin.   Klee 
and  his  collaborators  have  shown  that  these  peptides  function  as, 
highly  potent,  mediators  of  the  dual  regulation  of  adenylate 
cyclase  and  are  qualitatively  indistinguishable  from  morphine  in 
their  mechanism  of  action.   They  do  have  a  very  short  direction 
of  action,  perhaps  due  to  destruction  by  endogenous  peptidases.    ^ 
The  elucidation  of  the  physiological  functions  of  this  interesting" 
new  class  of  peptides  may  provide  important  new  insight  into  brain 
function. 


Dr.  Merril  has  continued  his  work  in  the  general  area  of  gene 
transplantation.   In  an  effort  to  define  the  effects  of  bacterial 
transducing  viruses,  experiments  previously  conducted  in  tissue 
culture  were  extended  to  whole  animals.   These  experiments  were 
facilitated  by  the  use  of  special  diets:   the  first  diet  takes 
advantage  of  the  well  known  fact  that  leucine  in  mammals  is  one 
of  the  essential  amino  acids;  the  second  diet  developed  here 
contains  an  amount  of  galactose  that  is  lethal.   The  survival 
curve  of  mice  on  these  diets  was  significantly  affected  by  a 
single  intraperitoneal  injection  of  the  appropriate  transducing 
virus  XpLeu  (containing  the  leucine  operon)  or  Xpgal  (containing 
the  galactose  operon) . 

A  virus  containing  the  gene  for  guanine  phosphoribosyltransf erase 
has  been  obtained  and  is  currently  being  tested  in  human  cells 
using  selective  techniques.   The  isolation  of  a  clone  producing 
a  bacterial  enzyme  would  allow  significant  progress  to  be  made  in 
understanding  the  interaction  of  bacterial  viruses  with  human  cells 
Such  an  approach  could  not  be  made  with  the  galactosemic  cells 
originally  investigated,  because  there  are  no  reliable  selective 
systems  for  galactosemic  cells. 

A  microassay  for  galactose  epimerase  has  been  developed  which  is 
much  more  sensitive  than  earlier  assay  methods.   This  method 
permitted  the  differentiation  of  a  polar  epimerase  mutant  from  a 
promotor  mutant  in  the  galactose  operon,  a  task  which  previously 
required  a  combination  of  biochemical  or  genetic  analysis. 

In  the  Section  on  Alkaloid  Biosynthesis,  Drs.  Mudd,  Giovanelli 
and  Datko  have  been  continued  to  work  chiefly  along  two  major 
lines : 

(a)   A  major  clarification  of  homocysteine  biosynthesis  in 
green  plants  has  resulted  from  the  application  of  techniques  which 
permit  steady  growth  of  plants  under  conditions  of  limited  sulfate, 
labelling  with  35s  originating  in  ^Sso^"  for  brief  periods  (as  low 
as  one  second)  without  perturbation  of  the  steady  state,  and 
isolation  and  quantitation  of  ^^S-containing  metabolites,  even 
those  present  in  amounts  which  go  undetected  by  less  sensitive 
techniques.   Transsulfuration  has  been  established  as  the  major 
pathway  for  Chlorella  growing  with  limited  sulfate.   We  are  now 
testing  the  generality  of  this  finding  by  extending  similar 
studies  to  the  higher  plant,  Lemna  perpusilla,  and,  hopefully,  to 
both  Chlorella  and  Lemna  growing  under  other  conditions.   The 
presence  in  the  laboratory  of  Dr.  Peter  Macnicol,  a  visiting 
scientist  from  Canberra,  Australia,  has  greatly  facilitated  the 
performance  of  the  studies  with  Lemna.   These  studies  raise  an 
interesting  and  puzzling  question:   Why  is  transsulfuration 
preferred  biologically  and  evolutionarily  to  the  apparently 
simpler  sylfhydration?   Investigations  of  the  pertinent  purified 
Investigations  of  the  pertinent  purified  enzymes  may  give  some 
insight  into  this  matter. 
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(b)   Studies  of  a  sarcosinuric  human  patient  known  to  lack 
sarcosine  dehydrogenase  have  shown  that  sarcosine  formation 
(with  subsequent  oxidation  of  the  N-methyl  group  in  the  normal 
human)  accounts  for  the  disposition  of  4-5  millimoles  of  methyl 
groups  each  day.   These  methyls  come  from  two  sources:   ingested 
choline  (and  its  structural  analogues)  and  methionine  (via 
S-adenosylmethionine) .   We  have  evidence  that  the  latter  pathway 
may  be  relatively  minor  when  a  normal  diet  is  ingested,  but 
becomes  important  -  presumably  as  a  means  for  methyl  "detoxifi- 
cation" -  when  the  ingested  labile  methyls  are  in  excess  of 
those  needed  daily  for  creatine  formation  and  other  relatively 
constant  demands  upon  transmethylation. 
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The  research  of  the  Laboratory  of  Neurobiology  is  directed  toward 
elucidation  of  the  function  of  the  nervous  system  at  the  cellular  level.   One 
group  of  investigators  (headed  by  Dr.  I.  Tasaki)  has  been  continuing 
physicochemical  studies  on  the  nature  of  the  conformational  changes  which 
nerve -membrane  macromolecules  imdergo  during  excitability.   Another  group  of 
investigators  (headed  by  Dr.  R.  Wurtz)  is  engaged  in  the  analysis  of  the 
information  transmitted  from  one  cell  to  the  next  by  recording  action 
potentials  at  various  locations  in  the  nervous  system. 

During  the  past  year  an  interesting  discovery  was  made  in  the  field  of 
physicochemical  membrane  studies  by  incorporating  various  dyes  in  the  nerve 
membrane.   It  was  foimd  that  some  linear  dye  molecules,  applied  extracellularly, 
tmdergo  rotational  motion  within  the  membrane  during  nerve  excitation.   Some 
of  these  dye  molecules,  randomly  oriented  initially,  became  aligned  at  the 
peak  of  nerve  excitation  in  the  direction  perpendicular  to  the  membrane 
surface.   Some  dye  molecules  introduced  into  the  membrane  by  intracellular  in- 
jections were  also  found  to  rotate  during  nerve  excitation.  This  rotation 
of  dye  molecules  is  interpreted  as  a  reflection  of  the  movement  of  parts  of 
membrane  macromolecules  during  nerve  excitation. 

Intracellular  perfusion  experiments  yielded  more  evidence  for  the 
involvement  of  cation-exchange  processes  in  nerve  excitation.   Confirming  the 
resiolts  of  previous  studies,  calcium  ions  play  a  critical  role  in  these 
exchange  processes.   Furthermore,  evidence  was  obtained  indicating  that  the 
process  of  nerve  excitation  is  nothing  more  than  an  electrochemical  manifesta- 
tion of  cooperative  conformational  transition  of  membrane  macromolecules. 

By  radioactively  labelling  a  disulfide  group  in  the  membrane,  the  release 
of  a  small  protein  molecule  (with  a  molecular  weight  of  12,000)  was  observed 
during  nerve  excitation.   This  observation  strengthened  the  notion  that 
relatively  small  protein  molecules  play  an  important  role  in  the  regulation 
of  membrane  excitability.   This  work  was  carried  out  in  collaboration  with 
Dr.  H.  Gainer  (NICHD) . 

For  investigation  of  the  mechanism  of  information  processing  between 
nerve  cells  in  the  visual  system,  both  monkeys  and  human  subjects  were  used. 
Psychophysical  investigations  of  changes  in  vision  associated  with  the  very 
rapid  eye  movements  were  carried  out  on  man.   As  our  eyes  dart  from  one 
point  to  another,  we  are  not  aware  of  the  eye  movements  and  we  do  not  see  a 
blur  as  the  visual  world  sweeps  across  the  retina.   The  lack  of  blurred 
visual  image  during  these  rapid  eye  movements  (saccades)  was  not  the  result 
of  the  short  duration  of  time  involved  in  the  saccade,  nor  did  it  result 
from  the  rapid  displacement  of  the  image  on  the  retina.   Instead,  we  were 
able  to  recognize  the  blur  of  the  visual  world  when  the  visual  field  was 
illuminated  only  during  the  movement  of  the  eyes.   If  the  illumination  was 
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maintained  after  the  termination  of  the  eye  movement,  the  blur  was  eliminated. 
These  findings  indicate  that  the  lack  of  visual  blur  in  normal  eye  movements 
is  the  result  of  a  backward  masking  effect  of  visual  stimulation  after  the 
end  of  the  eye  movement. 

In  another  study  we  determined  that  there  are  two  areas  in  the  brain 
that  are  adequate  to  allow  a  monkey  to  detect  visual  stimuli  and  to  make 
accurate  eye  movements  to  these  targets.   These  two  areas  are  striate  (visual) 
cortex  and  superior  colliculus.   Ablation  of  both  areas  produces  a  permanent 
deficit  in  both  visual  detection  and  in  the  accuracy  of  eye  movements.   If 
either  one  of  these  areas  remains,  the  monkey  can  make  accurate  eye  movements 
and  can  detect  small  visual  stimuli.   An  extension  of  this  study  will  provide 
information  on  the  neural  pathways  for  the  visual  guidance  of  eye  movements. 

We  recorded  from  single  nerve  cells  in  a  visual  structure  in  the  brain 
of  monkeys,  the  superior  colliculus.   It  was  known  previously  that  in  the 
colliculus  there  are  two  classes  of  nerve  cells;  these  two  classes  of  cells 
are  located  in  anatomically  different  layers .   The  cells  in  the  most  super- 
ficial layers  respond  to  visual  stimuli  and  those  in  the  deeper  layers 
respond  before  eye  movements.   It  had  previously  been  believed  that  these 
visual  cells  served  as  the  main  input  to  the  eye  movement-related  cells.   Our 
data  suggests  that  the  neural  processing  in  the  eye  movement-related  cells 
may  not  depend  on  the  visual  cell  input.   We  propose,  alternatively,  that 
the  visual  neurons  and  eye  movement-related  neurons  send  inputs  to  a  new  type 
of  nerve  cells.   This  new  type  of  cells  has  both  visual  and  eye  movement 
characteristics  in  that  they  discharge  most  vigorously  before  eye  movements 
to  visual  targets.   The  discharge  of  nerve  impulses  in  this  new  type  of 
cells  may  be  an  important  collicular  output . 

Two  studies  which  had  been  begun  earlier  were  completed.   In  one  study, 
we  determined  the  responses  of  nerve  cells  in  the  pre-striate  cortex  of 
monkeys  to  visual  stimuli.   Because  earlier  studies  had  described  the  visual 
responses  of  cells  in  the  striate  cortex  (which  serve  as  the  major  input  to 
pre-striate  cortex) ,  the  present  study  allowed  us  to  make  some  determination 
of  the  sequence  of  neural  processing  in  the  visual  system.   The  results 
obtained  suggest  phat  certain  features  of  the  visual  field,  such  as 
orientation  of  lines,  color,  direction  of  movement,  and  spot  location,  are 
separated  out  and  processed  by  independent  groups  of  cells.   In  another 
study,  we  measured  the  effect  of  rapid  eye  movements  on  the  visual  response 
of  neurons  in  the  lateral  geniculate  nucleus,  a  structure  that  receives  an 
input  from  the  retina  and  sends  an  output  to  the  striate  visual  cortex.  We 
demonstrated  that  the  rapid  eye  movements  produced  changes  in  the  visual 
response  of  lateral  geniculate  neurons  if  the  visual  stimulus  was  presented 
after  completion  of  the  rapid  eye  movement. 
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During  the 

'  last  year,  the  Laboratory  of  Neurochemi stry  has 

continued  to  ex 

plore  the  virgin  territory  that 

was  opened  up  with 

the  discovery, 

described  in  last  year's  report 

-  of  the  new  dis- 

ease,  hyperphen 

ylalaninemia  due  to  the  deficiency  of  di hydropteri - 

dine  reductase 

(DHPR),   Just  as  the  discovery  o 

f  this  novel  vari- 

ant  of  phenyl ke 

tonuria  (PKU)  was  made  possible 

by  basic  research 

carried  out  in 

the  Laboratory  of  Neurochemi stry 

during  the  last 

1 5  years,  so  th 

e  discovery  of  this  disease  has 

helped  in  the 

formulation  of 

new  basic  research  problems.   In 

addition,  of 

course,  its  discovery  has  opened  up  new  clinica 

1  areas  of  research 

that  must  be  ex 

plored.   Within  the  limited  resources  of  the  labo- 

ratory,  we  have 

been  trying  to  examine  some  of 

the  many  urgent 

basic  and  clinical  problem^  that  are  related  to 

the  disease. 

In  addition  to  the  original  case,  two  additional  cases  of 
DHPR  deficiency  have  been  discovered.   The  characteristics  of  the 
disease  in  these  new  cases  -  neurological  deterioration  in  spite 
of  excellent  control  of  phenylalanine  blood  levels  -  was  essenti- 
ally the  same  as  that  of  the  first  child.  (Unfortunately,  our 
diagnosis  of  the  disease  in  the  third  child  was  made  postmortem 
on  cultured  skin  fibroblasts  that  had  been  obtained  earlier). 
These  results  indicate  that  the  new  variant  is  not  as  rare  as  it 
was  first  thought  to  be. 

We  have  also  examined  the  DHPR  levels  in  fibroblasts  from 
the  parents  of  two  of  the  cases.   In  all  four  parents,  the  activity 
is  much  less  than  that  of  controls.   These  results  demonstrate 
that  our  enzyme  assay  can  detect  heterozygotes  or  "carriers"  of 
the  disease  trait.   In  addition,  we  have  detected  the  enzyme  in 
normal  cells  cultured  from  amniotic  fluid,  a  finding  which  would 
open  the  possibility  of  prenatal  diagnosis  of  the  disease. 

us  studies  in  this  laboratory  established  that  DHPR  is 
1  component  of  the  tyrosine  and  tryptophan  hydroxyl ati ng 

deficiency  of  the  reductase  would,  therefore,  be  ex- 
ead  to  impaired  biosynthesis  of  the  neurotransmitters, 
nd  norepinephrine)  and  serotonin,  respectively.   Based 
zyme  studies  and  on  preliminary  indications  that  central 
itter  metabolism  in  these  patients  is,  indeed,  affected, 

that  5-hydroxytryptophan  and  L-dopa  (together  with  an 
r  peripheral  aromatic  amino  acid  decarboxylase)  might 
tive  treatment  for  the  disease.   Early  results  indicate 
reatment  may  be  benificial. 

The  neurological  deterioration  that  characterizes  this  new 
variant  of  PKU  has  raised  questions  about  the  possible  role  of 
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DHPR  in  unsuspected  areas  of  brain  metabolism.   With  this  goal 
in  mind,  we  are  currently  examining  the  role  of  the  reductase  in 
the  cerebral  metabolism  of  amino  acids  other  than  tyrosine  and 
tryptophan.   There  are  strong  indications  that  the  enzyme  is  in- 
volved in  the  transformations  of  non-aromatic  amino  acids. 
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Protein  phosphorylation  is  probably  also  involved  in  the 
regulation  of  the  activity  of  tyrosine  hydroxylase.   Last  year 
we  reported  that  the  partially  purified  enzyme  from  bovine  caudate 
could  be  markedly  activated  by  exposure  to  conditions  of  protein 
phosphorylation.   Although  the  mechanism  of  this  activation  has 
not  been  elucidated,  our  latest  results  show  that  the  activation 
does  not  involve  phosphorylation  of  the  enzyme,  itself.   In  this 
respect,  therefore,  it  is  clear  that  although  phenylalanine  hy- 
droxylase and  tyrosine  hydroxylase  can  both  be  activated  by       ' 
phosphorylation,  the  mechanisms  involved  are  distinct. 
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Within  the  past  year,  a  new  assay  for  studying  the  i_n  vi  tro 
recombination  of  parental  and  recombinant  DNA  was  developed. 
With  this  assay  it  has  been  shown  that  integrative  recombination 
in  vitro  involves  the  complete  reaction  sequence  of  a  biologically 
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occurring  genetic  recombination.   Thus,  for  the  first  time,  all 
steps  in  the  enzymology  of  recombination  are  available  for  study 
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July  1,  1975  —  June  30,  1976 


The  seven  projects  of  the  Laboratory  of  Neurophysiology  may  be  categorized 
according  to  three  major  areas  of  ongoing  research: 

I .  Brain  Mechanisms  in  Motor  Control 

1 .  Cerebral  control  of  movement 

2.  Eye-head  coordination  in  the  primate:   neural  substrate  and 
plasticity 

II.  Neurochemical  Correlates  of  Activity  in  Brain  and  Muscle 

1.  Metabolic  correlates  of  brain  functional  activity 

2.  Muscle  function  and  metabolism 

III.  Functional  Neuroanatomy 

1.  Anatomical  and  physiological  analysis  of  thalamic  input  to  the 
primate  motor  cortex 

2.  Transport  mechanisms  across  membranes  and  the  blood-brain  barrier 

3.  Functional  studies  of  the  substantia  nigra 

This  summary  will  consist  of  a  presentation  of  some  highlights  of  the  findings 
in  each  of  the  three  areas,  with  a  statement  as  to  the  significance  of  these 
findings  to  the  research  goals  of  the  National  Institute  of  Mental  Health. 

I.   Studies  on  brain  mechanisms  in  motor  control  have  elucidated  the  relation 
between  reflex  and  intended  movements  both  in  human  subjects  and  in  subhuman 
primates.   For  these  studies,  virtually  identical  experimental  paradigms  have 
been  set  up  for  humans  and  monkeys.   The  paradigms  provide  for  dissociation  of 
the  reflex  muscle  activity  (as  caused  by  a  load  change)  from  the  intended 
muscle  response,  which  in  its  turn  is  triggered  by  the  same  load  change.   This 
dissociation  is  achieved  by  giving  the  subject  (either  person  or  monkey)  an 
instruction  specifying  contraction  or  relaxation  of  a  given  muscle  regardless 
of  the  direction  of  the  perturbation  that  triggers  the  intended  action.   For 
example,  when  execution  of  an  instruction  calling  for  biceps  contraction  is 
triggered  by  a  perturbation  which  ref lexly  inhibits  biceps  moton€jurons ,  the 
intended  biceps  discharge  occurs  in  spite  of,  rather  than  because  of,  the 
reflex  effects  of  the  perturbation.   In  human  subjects,  records  of  muscle 
activity  and  limb  movement  provide  indices  of  motor  performance,  and  changes 
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of  these  indices  with  changes  of  the  subject's  volitional  set  provide  clues  as 
to  the  underlying  cerebral  control  mechanisms.   Results  from  studies  in  man 
provide  the  basis  for  hypotheses  which  may  then  be  tested  in  monkeys  by  means  ' 
of  microelectrode  recordings  in  cerebral  control  centers. 

In  both  man  and  monkey,  intended  arm  muscle  discharge  occurs  at  shorter 
latency  when  the  trigger  for  intended  action  is  a  disturbance  of  the  arm  which 
is  to  respond  than  when  the  trigger  is  an  auditory  or  a  visual  stimulus  or  a 
disturbance  of  the  other  arm.   Thus,  reaction  times  of  80  msec  in  response  to 
an  arm  disturbance  are  seen  even  when  the  initial  reflex  effect  of  the  dis-^ 
turbance  on  the  muscle  is  inhibitory.   If  a  sound  or  visual  stimulus  replaces 
the  arm  perturbation  in  such  a  paradigm,  reaction  times  are  prolonged  to  at 
least  120  msec. 

The  demonstration  that  intended  responses  can  occur  so  quickly  following  a 
disturbance  of  the  body  part  which  is  to  respond  has  led  to  a  reassessment  of 
the  relative  roles  of  reflexes  and  intended  responses  in  movement  and  posture, 
and  it  now  seems  clear  that  load  compensation  for  large  external  disturbances 
is  achieved  by  preprogrammed  intended  responses  rather  than  by  "stretch"  and 
"unloading"  reflexes.   In  contrast,  modulation  of  tonic  motoneuron  discharge 
in  relation  to  small  internal  disturbances  constitutes  a  function  which  these 
myotatic  reflexes  are  very  well  suited  to  perform.   Small  internal  disturb- 
ances (arising  in  muscle  and/or  nervous  system)  create  errors  of  movement  even 
in  the  absence  of  external  load  changes ,  and  the  high  dynamic  sensitivity  of 
muscle  stretch  receptors  for  small  length  changes  allows  the  segmental  reflex 
apparatus  to  be  effective  in  compensating  for  such  small  disturbances.   These 
new  findings  support  the  notion  that  proprioceptive  reflexes  operate  in  rela- 
tion to  internal  events  arising  from  within  the  muscles  of  the  organism 
itself.   It  would  seem  likely  that  application  of  these  new  concepts  of  the 
way  in  which  the  brain  controls  movement  will  greatly  increase  our  understand- 
ing of  the  disorders  of  movement  occurring  in  that  group  of  patients  occupyii.g 
the  borderland  between  psychiatry  and  neurology — patients  with  Huntington's 
disease,  parkinsonism,  Gilles  de  la  Tourette's  disease,  and  tardive  dyskinesia. 

A  second  phase  of  the  work  on  brain  mechanisms  in  motor  control  has  focused  on 
elucidation  of  neural  mechanisms  underlying  plasticity  in  the  nervous  system. 
In  this  project  we  have  examined  the  effects  of  manipulating  the  visual  input 
normally  associated  with  head  movements  on  the  vestibulo-ocular  reflex  (VOR) . 
Normally,  monkeys  (like  men)  rely  on  the  VOR  to  maintain  a  stationary  retinal 
image  during  head  turns.   However,  our  previous  studies  have  shown  that  this 
system  is  plastic  and  subject  to  a  visually  mediated  optimization  process 
which  assures  that  the  operation  of  the  VOR  maintains  maximal  stability  of  the 
retinal  image  during  head  turns;  thus,  when  animals  wear  telescopic  spectacles 
the  VOR  adapts  to  the  new  conditions  by  increasing  or  decreasing  gain  (i.e., 
sensitivity)  depending  on  the  power  of  the  lenses  being  worn  by  the  animal. 
In  the  present  experiments  we  have  sought  to  examine  some  of  the  fundamental 
properties  of  this  calibration  process.   Using  stroboscopic  illumination,  we 
have  tried  to  determine  whether  slippage  of  the  retinal  image  is  necessary  for 
recalibration  to  take  place.   In  addition,  by  placing  the  animal  in  a  continu- 
ally rotating  environment,  we  have  tried  to  find  out  if  the  calibration  func- 
tion is  vector-specific  and  able  to  generate  asymmetric  directional  gain,  i.e., 
gain  greater  in  one  direction  than  another. 
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It  has  been  found  that  animals  that  have  worn  telescopic  spectacles  show 
adaptive  changes  in  the  gain  of  their  VOR.   The  normal  rehsus  monkey  has  a  VOR 
gain  of  close  to  unity,  and  after  x2.0  lenses,  values  up  to  1.85  are  recorded, 
while  after  xO.5  lenses,  values  as  low  as  0.6  are  found.   These  changes  take 
2-3  days  to  reach  asymptote,  and  recovery  following  removal  of  the  spectacles 
takes  a  similar  period  of  time.   There  is  no  "learning  effect,"  i.e.,  with 
subsequent  repetitions  of  the  spectacle  experience,  the  time  required  to  adapt 
does  not  shorten.   Prolonged  head  immobilization  after  prior  adaptation  con- 
siderably delays  recovery  back  to  normal.   The  compensatory  eye  movements 
following  these  various  exposures  are  always  of  very  similar  gain  for  both 
self -generated  and  passively  imposed  head  movements.   In  addition,  gain 
changes  can  be  brought  about  by  spectacle  experience  even  when  all  of  the  head 
movements  were  passively  imposed,  though  the  recalibration  under  these  circum- 
stances seems  to  be  restricted  to  the  experienced  frequency  range.   Adaptation 
to  the  telescopic  spectacles  failed  to  occur  with  stroboscopic  illumination  at 
frequencies  up  to  10  Hz,  strongly  suggesting  that  retinal  slip  is  necessary 
for  VOR  gain  adjustments. 

These  effects  of  telescopic  spectacle  experience  on  the  compensatory  eye 
movements  coupled  to  head  turns  clearly  indicate  that  the  primate  vestibulo- 
ocular  system  is  both  plastic  and  adaptive,  seeking  always  to  optimize  retinal 
image  stability.   Failure  to  get  adaptation  with  stroboscopic  illumination 
suggests  the  importance  of  retinal  image  slip  in  this  calibration  process. 
Prolonged  optokinetic  stimulation  produces  both  a  visual  adaptation  effect 
(resulting  in  a  pronounced  dark  nystagmus)  and  an  asymmetric  vestibulo-ocular 
reflex,  the  latter  clearly  being  vector-specific  in  its  calibration  mainten- 
ance.  The  relative  simplicity  of  this  system,  its  easy  quantification,  and 
our  ability  to  induce  modifications  in  its  performance  without  apparent  patho- 
logical side  effects,  make  it  a  powerful  new  substrate  for  studying  plastic 
mechanisms  in  brain  function. 

We  believe  that  the  model  system  for  plasticity  in  the  nervous  system  is  one 
of  the  most  promising  yet  developed  for  getting  at  the  neural  mechanisms  of 
motor  learning,  and  we  hope  to  extend  the  work  to  include  anatomical  studies 
which  might  provide  knowledge  of  the  changes  in  fine  structure  underlying 
these  demonstrated  changes  in  brain  function. 

A  second  phase  of  the  work  on  eye  movements  has  succeeded  in  providing  an 
understanding  of  how  nerve  cells  in  the  cerebellum  participate  in  oculomotor 
control.   Preliminary  single  unit  recordings  in  the  monkey's  flocculus  had 
revealed  that  a  large  part  of  the  Purkinje  cell  output  from  this  area  dis- 
charges specifically  in  relation  to  visual  tracking  towards  the  ipsilateral 
side.   These  cells  generate  a  velocity  profile  of  the  pursuit  target  which, 
within  limits,  is  largely  independent  of  any  passively  superimposed  head  rota- 
tions during  tracking.   Quantitative  studies  have  shown  that  Purkinje  cell 
firing  can  be  described  by  the  algebraic  sum  of  eye  velocity  and  head  velocity 
signals  which  are  fairly  equally  weighted.   Attempts  to  fractionate  a  retinal 
slip  velocity  component  in  Purkinje  cell  firing  have  so  far  been  unsuccessful, 
and  if  present,  it  must  be  very  small.   In  continuing  these  studies  we  have 
incorporated  new  paradigms  aimed  especially  at  uncovering  the  temporal  rela- 
tions between  onset  of  target  movement ,  tracking  behavior ,  and  unit  discharge 
using  randomized  step  changes  in  target  velocity.   These  experiments  have 
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shown  that  the  flocculus  Purkinje  cells  do  not  commence  their  track-related 
firing  until  after  the  initial  target  acquisition  has  been  accomplished,  hence 
ruling  out  any  role  in  the  initiation  of  tracking.   Thus,  any  direct  involve- 
ment in  the  generation  of  pursuit  eye  movements  must  be  restricted  to  a  sus- 
taining function.   Most  of  the  mossy  fiber  input  elements  discharge  in 
relation  to  saccadic  eye  movements  or  labyrinthine  inputs,  but  we  have  identi- 
fied a  class  of  visual  units  responding  to  retinal  image  slip  in  the  region  of 
the  fovea  with  strong  preferences  for  ipsilateral  motion.   However,  these 
visual  inputs  appear  to  be  very  restricted  in  distribution  and  have  so  far 
been  found  in  only  two  of  the  ten  lobules  of  the  flocculus.   In  addition,  some 
mossy  fibers  carry  a  pure  vergence  signal  which  is  also  apparent  in  a  small 
proportion  of  the  Purkinje  cells. 

The  recordings  in  the  flocculus  suggest  that  in  the  primate  this  structure  is 
involved  in  smooth  pursuit  eye  movements  and  may  indeed  provide  oculomotor 
centers  with  the  target  velocity  information  needed  to  support  such  tracking. 
These  ideas  are  in  line  with  very  recent  clinical  findings  which  point  to 
deficits  in  smooth  pursuit  eye  movements  when  this  part  of  the  cerebellum  is 
compromised.   However,  the  temporal  relations  between  unit  discharge  and 
tracking  suggest  a  sustaining  rather  than  an  initiating  function. 

II .   Neurochemical  Correlates  of  Activity  in  Brain  and  Muscle 

Two  projects  are  being  carried  out  in  this  area — one  of  them  on  brain  and  the 
other  on  muscle.   The  project  on  Metabolic  Correlates  of  Brain  Functional 
Activity  is  based  on  Sokolof f ' s  demonstration  that  regional  brain  metabolism 
can  provide  a  mirror  for  alterations  in  brain  functional  activity.   The  method 
used  in  these  studies  involves  mapping  of  brain  glucose  consumption.   As  the 
brain  under  normal  circumstances  is  dependent  on  the  combustion  of  glucose  for 
its  energy,  this  method  allows  us  to  functionally  map  those  brain  regions 
which  change  their  metabolic  activity  in  association  with  specific  physiologi- 
cal and/or  experimental  conditions. 

Work  on  the  olfactory  system  in  collaboration  with  Dr.  Gordon  Shepherd  and 
Dr.  John  Kauer  at  Yale  has  shown  that  olfactory  stimulation  increases  local, 
regional  glucose  uptake  in  the  olfactory  bulb — with  different  odors  resulting 
in  different  patterns  of  uptake.   In  addition,  analysis  of  the  glucose  uptake 
of  different  laminae  in  the  olfactory  bulb  may  provide  some  clue  as  to  the 
various  elements  of  gray  matter  which  account  for  most  of  the  glucose  uptake. 

With  the  2-deoxy-D-glucose  method  it  has  become  possible  to  test  some 
functional  theories  on  the  nature  of  sleep.   In  this  series  of  studies,  we 
shall  attempt  to  determine  whether  sleep  reflects  the  events  of  the  previous 
waking  period  by  investigating  the  pattern  of  sleeping  brain  metabolic 
activity  and  its  alteration  by  brain  functional  activity  during  waking.   The 
first  of  these  studies  is  underway.   Rats  with  entrained  circadian  rhythms 
are  anesthetized  and  their  cochleas  are  surgically  destroyed  unilaterally.   We 
have  shown  that  the  brains  of  such  rats  awake  have  a  side-to-side  metabolic 
asymmetry:   the  glucose  consumption  of  inferior  colliculus  and  lateral  lem- 
niscus of  the  contralateral  side  and  of  cochlear  nucleus  of  the  ipsilateral 
side  to  the  deafened  ear  is  depressed  below  normal. 
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Rats  so  prepared  will  be  habituated  to  sleeping  in  restrainers  in  sound  proof 
boxes,  and  2-deoxy-D-glucose  injections  will  be  done  via  indwelling  femoral 
vein  catheters  while  they  are  asleep  to  determine  alterations  in  brain  meta- 
bolic asymmetry  during  this  condition.   With  appropriate  controls,  we  shall  be 
able  to  generate  some  preliminary  data  as  to  whether  sleeping  brain  metabolic 
activity  has  been  affected  by  changes  in  waking  brain  functional  and  metabolic 
activity.   Further  studies  are  planned  to  investigate  sleeping  brain  metabolic 
patterns  following  reversible  metabolic  asymmetries. 

The  second  LNP  project  on  Neurochemical  Correlates  of  Activity  is  concerned 
with  Muscle  Function  and  Metabolism.   The  aim  of  this  project  is  to  study  con- 
trolling factors  in  the  muscle  excitation-contraction  process  and  to  under- 
stand the  evolution  of  and  recovery  from  muscle  fatigue.   Fatigue  is  produced 
in  single  muscle  fibers  by  tetanic  stimulation.   We  are  interested  in  relating 
the  duration  of  stimulation  and  tension  output  to  the  rates  of  consumption  of 
available  substrates  like  glycogen,  ATP,  and  phosphocreatine.   Furthermore, 
tension  output  and  kinetics  of  recovery  will  be  related  in  turn  to  the  instan- 
taneous metabolic  profile  of  the  fibers.   Previous  work  on  metabolic  control 
of  contraction  has  been  limited  because  it  has  been  done  on  whole  muscles, 
with  nonhomogeneous  fiber  populations. 

On  the  basis  of  this  project's  findings  on  the  time  course  of  development  and 
recovery  from  fatigue,  and  observations  that  tetanic  stimulation  of  single 
fibers  in  hypertonic  Ringer  solution  does  not  result  in  post-tetanic  fatigue, 
we  have  proposed  a  model  for  the  role  of  metabolism  in  the  evolution  and 
recovery  of  muscle  fatigue  during  and  after  prolonged  tetanization.   We  now 
want  to  test  this  model  with  studies  of  the  metabolic  profile  in  single  fibers 
under  various  experimental  conditions  that  modify  rates  of  depletion  of 
metabolites  and  rearrangement  of  calcium  among  intracellular  fiber  compart- 
ments.  We  also  want  to  see  how  time-dependent  depletion  and  recovery  in  these 
compartments  affect  fiber  contraction  and  function. 

The  relation  between  contraction,  calcium  release  and  uptake,  and  electrical 
activity  of  a  single  fiber,  and  kinetic  changes  in  intracellular  metabolic  and 
calcium  compartments  is  important  not  only  for  understanding  the  basic  mecha- 
nisms of  excitation-contraction  coupling  and  fatigue  and  recovery  of  muscle, 
but  also  to  see  how  metabolites  are  employed  generally  to  support  cellular 
activity.   The  understanding  of  these  mechanisms  in  normal  muscle  should  help 
to  understand  dysfunction  in  diseased  muscle. 

Ill .   Functional  Neuroanatomy 

Within  the  past  decade  there  have  been  rapid  advances  in  neuroanatom±cal 
methodology,  which  has   in  turn  led  to  greater  understanding  of  how  neural 
structure  is  related  to  neural  function.   Studies  in  "functional  neuroanatomy" 
are  concerned  with  elucidation  of  structure-function  relationships  in  the 
nervous  system. 

The  first  major  area  of  LNP  work  in  functional  neuroanatomy  deals  with 
Anatomical  and  Physiological  Analysis  of  Inputs  to  the  Primate  Motor  Cortex. 
The  technique  of  retrograde  transport  of  horseradish  peroxidase  was  utilized 
in  the  anatomical  phase  of  the  project.   Initial  studies  were  directed  at 
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determining  which  factors  of  the  retrograde  transport  technique  are  critical 
to  its  successful  application.   Following  development  of  a  reliable  experi- 
mental protocol,  the  origin  of  cortical  inputs  to  the  primate  motor  cortex  arm 
area  were  identified.   Neurons  in  the  supplementary  motor  cortex,  the  post- 
central gyrus,  intraparietal  sulcus,  and  motor  cortex  areas  adjacent  to  the 
arm  area  provide  the  major  sources  of  cortical  input.   The  cerebello-thalamo- 
cortical  system  is  a  major  source  of  subcortical  input  to  the  motor  cortex. 
In  the  physiological  phase  of  this  project  the  response  of  neurons  in  the 
cerebellum  and  thalamus  was  analyzed  in  awake  monkeys  during  the  performance 
of  arm  movements  triggered  by  somatosensory  stimuli.   The  activity  of  many 
cerebellar  neurons  was  highly  correlated  to  different  aspects  of  the  task; 
some  relating  primarily  to  active  movements,  others  primarily  to  passive  move- 
ments of  the  limb.   In  contrast,  few  thalamic  neurons  were  related  to  the 
task,  and  related  neurons  varied  their  activity  primarily  with  active  limb 
movements . 

It  is  important  to  understand  the  motor  cortex  because  the  motor  cortex  is  a 
major  source  of  descending  control  of  movement.   There  are  two  basic  routes 
through  which  information  has  access  to  the  motor  cortex:   1)  via  the  thalamus 
and  2)  via  cortical  inputs.   These  anatomical  studies  have  identified  the 
origins  of  both  the  thalamic  input  to  the  motor  cortex  and  the  origins  of 
cortical  input  to  the  motor  cortex. 

The  observations  made  in  the  course  of  the  anatomical  studies  provide  impor- 
tant insights  into  the  pathways  underlying  the  somatosensory  guidance  of  limb 
movements.   For  example,  regions  of  the  somatosensory  cortex  which  receive 
very  sensitive  input  from  tactile  and  muscle  afferents  were  shown  to  project 
to  regions  of  the  motor  cortex  which  contain  representation  of  the  fingers  and 
hand.   This  sensorimotor  link  is  clearly  appropriate  for  the  tactile  explora- 
tion and  manipulatory  activities  so  characteristic  of  the  fingers  and  hand. 
In  contrast,  regions  of  the  somatosensory  cortex  which  receive  inputs  from 
deep  muscles,  joints,  and  tendons  were  shown  to  project  to  regions  of  the 
motor  cortex  which  contain  representation  of  the  arm  and  shoulder.   This  sen- 
sorimotor link  is  appropriate  for  activities  characteristic  of  the  arm  and 
shoulder,  such  as  reaching. 

The  importance  of  the  cerebellum  for  the  control  of  movement  and  posture  has 
long  been  evident  to  students  of  neurology.   Damage  to  this  structure  results 
in  debilitating  motor  abnormalities,  such  as  tremors  and  ataxia.   The  present 
physiological  results  serve  to  emphasize  the  sensorimotor  role  of  the  cere- 
bellum.  This  study  has  revealed  neurons  which  appear  to  differentiate  between 
passive  and  active  movements.   Furthermore,  the  timing  of  some  cerebellar 
responses  suggests  that  these  neurons  could  play  a  role  in  generating  short 
latency  muscular  responses  to  limb  disturbances. 

A  third  phase  of  work  on  Functional  Neuroanatomy  deals  with  Transport 
Mechanisms  Across  Membranes  and  the  Blood-Brain  Barrier.   The  aim  of  this 
project  is  to  understand  the  physiological  and  ultrastructural  basis  of  the 
blood-brain  barrier,  and  to  modify  the  permeability  restriction  of  the  barrier 
for  use  in  pharmacotherapy.   We  have  (a)  elaborated  the  theory  and  provided 
morphological  and  physiological  demonstration  of  osmotic  opening  of  the  bar- 
rier, (b)  refined  the  technique  of  osmotic   opening  so  that  it  can  be 
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accomplished  without  producing  brain  edema  or  apparent  neurological  damage, 
(c)  used  osmotic  opening  to  increase  barrier  permeability  to  circulating 
measles  antibody  in  the  rhesus  monkey,  (d)  related  differences  in  neurotoxic- 
ity of  x-ray  contrast  agents  to  differences  in  barrier  permeability,  (e) 
initiated  studies  on  barrier  opening  by  acute  hypertension,  (f)  modified  the 
permeability  of  the  blood-aqueous  and  blood-vitreous  barriers  of  the  eye  with 
hypertonic  solutions. 

The  results  summarized  above  are  significant  for  the  following  reasons: 

(a)  Osmotic  barrier  opening  is  the  first  method  that  has  been  developed 
that  can  reversibly  allow  the  entry  of  normally  excluded  drugs  into  the  cen- 
tral nervous  system,  and  should  be  useful  as  a  technique  in  clinical  and 
experimental  pharmacotherapy  of  brain  disease. 

(b)  The  findings  demonstrated  that  osmotic  barrier  opening  was  due  to 
widening  and  increased  permeability  of  cerebrovascular  tight  junctions,  and 
suggested  that  tight  junctions  also  are  made  more  permeable  by  conditions 
which  alter  autoregulation  of  cerebral  blood  flow.   This  hypothesis  has  not 
yet  been  tested,  but  if  it  is  correct,  the  effects  on  cerebral  function  of 
clinical  hypertension,  convulsive  activity,  trauma,  and  other  conditions  which 
alter  autoregulation  should  be  reevaluated  in  terms  of  the  influence  of 
altered  barrier  function. 

(c)  Osmotic  barrier  opening  probably  plays  a  role  in  producing  toxic 
sequelae  following  repeated  injections  of  x-ray  contrast  media  in  cerebral 
angiography.   This  suggests  that  agents  must  be  designed  with  lower  osmolali- 
ties, so  as  to  reduce  their  effects  in  modifying  the  barrier.   Even  if  osmo- 
lality is  reduced,  however,  x-ray  contrast  media  enter  the  brain  as  a  function 
of  lipid  solubility,  since  the  barrier  is  selectively  permeable  for  lipid 
soluble  substances.   This  is  the  first  time  that  neurotoxicity  of  the  contrast 
media  has  been  considered  in  terms  of  simple  physical  chemical  laws  of  mem- 
brane permeation,  and  it  is  hoped  that  new  media  can  be  synthesized  with  lower 
lipid  solubilities  and,  as  predicted  by  theory,  reduced  neurotoxic  effects. 

(d)  These  findings  have  for  the  first  time  distinguished  between  the 
roles  of  the  pigmented  and  nonpigmented  epithelial  layers  of  the  ciliary  body 
of  the  eye  in  regulating  aqueous  secretion.   It  has  been  shown  that  the  non- 
pigmented layer  alone  can  control  secretion  and  maintain  normal  intraocular 
pressure.   The  findings  that  intraocular  pressure  can  be  reduced  below  normal 
over  a  period  of  months  suggest  that  hypertonic  perfusion  of  ocular  tissue 
might  be  of  eventual  use  in  treating  acute  glaucoma. 

A  second  project  coming  under  the  heading  of  Functional  Neuroanatomy  is 
concerned  with  the  substantia  nigra.   This  project  seeks  to  clarify  both  the 
normal  function  and  the  pathophysiology  of  the  substantia  nigra.   Present 
experiments  include  (a)  behavioral  effects  of  electrolytic  and  6-hydroxydopa- 
mine  lesions  of  the  substantia  nigra:   electrolytic  lesions  cause  contra- 
lateral rotation  in  rats;  (b)  metabolic  effects  of  6-hydroxydopamine  lesions 
of  the  substantia  nigra  in  rats:   lesions  of  ascending  dopaminergic  pathways 
decrease  forebrain  glucose  uptake;  (c)  chronic,  single-unit  recording  in  sub- 
stantia nigra  in  trained,  behaving  monkeys. 
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The  substantia"  nigra  is  of  research  interest  for  a  number  of  reasons.   As  part 
of  the  basal  ganglia  anatomically,  its  role  in  brain  function  remains  quite 
unclear.   The  cell  bodies  of  the  substantia  nigra  contain  dopamine,  and  their 
axons  fo2nn  a  well -described  dopaminergic  nigrostriatal  tract.   Clinical  inter- 
est in  this  system  has  been  generated  by  the  observation  that  decreased  dopa- 
mine in  the  striatum  and  substantia  nigra  has  been  correlated  with  the 
presence  of  rigidity  and  akinesia  in  Parkinson's  disease,  and  that  basal 
ganglia  degeneration  may  be  an  important  factor  in  the  pathogenesis  of  this 
disorder.   Finally,  a  wide  variety  of  brain  functions  has  been  attributed  to 
dopamine,  including  regulation  of  feeding,  reward  mechanisms,  and  in  the 
pathogenesis  of  schizophrenia. 

A  major  finding  coming  out  of  this  project  in  the  last  year  has  utilized 
Sokolof f ' s  2-deoxy-D-glucose  technique  of  "metabolic  mapping"  to  show  that 
localized  lesions  of  dopaminergic  pathways  have  profound  effects  on  brain  glu- 
cose utilization.   This  finding  emerged  from  studies  of  the  metabolic  effects 
of  lesions  of  the  ascending  catecholaminergic  pathways.   These  pathways 
include  dopaminergic  fibers  arising  from  the  pars  compacta  of  the  substantia 
nigra  and  from  other  cell  bodies  in  the  ventral  tegmentum  and  noradrenergic 
fibers  originating  from  the  locus  caeruleus  and  from  other  cell  bodies  in  the 
midbrain  and  medulla. 

We  first  made  unilateral  electrolytic  lesions  of  the  lateral  hypothalamic  area 
in  the  region  of  the  ascending  catecholaminergic  pathways.   The  brains  of 
these  animals  revealed  that  the  glucose  consumption  of  structures  rostral  and 
ipsilateral  to  the  lesion  was  depressed  as  compared  with  that  of  the  contra- 
lateral side;  parts  affected  were  wide-ranging,  but  structures  caudal  and 
ipsilateral  to  the  lesion  appeared  unaffected.   Control  animals  without 
lesions  showed  no  such  asymmetries.   Injection  of  6-hydroxydopamine ,  a  spe- 
cific neurotoxin  which  destroys  catecholamine-containing  fibers,  in  the  lat- 
eral hypothalamic  area  also  resulted  in  ipsilateral  depression  of  forebrain 
glucose  consumption. 

In  an  effort  to  implicate  ascending  noradrenergic  fibers  as  the  generators  of 
this  metabolic  asymmetry,  we  made  unilateral  and  bilateral  electrolytic  and 
6-hydroxydopamine  lesions  of  the  locus  caeruleus  and  midbrain;  in  all  the 
brains  of  these  animals,  however,  forebrain  glucose  consumption  was  bilaterally 
symmetrical  and  nondepressed.   On  the  other  hand,  unilateral  electrolytic  and 
6-hydroxydopamine  lesions  of  the  substantia  nigra  reproduced  the  ipsilateral 
depression  of  forebrain  glucose  uptake  seen  after  lateral  hypothalamic  lesions. 
Therefore,  the  normal  level  of  forebrain  glucose  consiimption  in  the  awake, 
restrained  rat  appears  to  depend  at  least  on  intact  ascending  dopaminergic 
pathways.   It  is  significant  that  the  normal  level  of  forebrain  glucose  uptake 
is  dependent  upon  the  actions  of  a  specific  transmitter.   Perhaps  dopaminergic 
fibers  modulate  glucose  uptake  in  the  intact  animal,  and  perhaps  some  of  the 
functions  attributed  to  brain  dopamine,  such  as  a  role  in  Parkinson's  disease 
and  schizophrenia,  are  somehow  related  to  its  control  of  forebrain  metabolic 
activity. 
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Section  on  Neurochemistry,  OD,  dsmhr 
H.  Weil-Malherbe,  Chief 

Indole  Metabolism  by  Brain  Slices 

(a)  Amine  formation  from  L-tryptophan  by  brain  slices 

Slices  from  various  areas  of  guinea  pig  brain  were  incubated  in  a 
medium  containing   C-labelled  L-try-ptophan  and  pargyline,  a  MAO  inhibitor, 
and  the  formation  of  serotonin  and  tryptamine  was  determined.   Serotonin 
synthesis  reached  its  highest  level  at  a  concentration  of  about  80uM  tryptophan 
whereas  tryptamine  formation  continued  to  increase  within  the  concentration 
range  of  tr>T3tophan  used  (up  to  300uM) .  The  four  brain  areas  studied  (cere- 
bral cortex,  hypothalamus,  corpus  striatum,  median  pons-medulla)  were  similar 
with  regard  to  the  affinity  of  the  two  enzyme  systems  for  their  substrate  but 
very  different  in  respect  to  enzymic  activity.  Thus,  the  formation  of  sero- 
tonin was  about  5  times  higher  in  hypothalamus  and  pons-medulla  than  in 
corpus  striatum  and  cortex.   On  the  other  hand,  tryptamine  formation  was 
highest  in  corpus  striatum  where,  at  the  highest  tryptophan  concentration,  it 
exceeded  serotonin  formation,  and  lowest  in  cerebral  cortex.   The  rates  of 
serotonin  and  tryptamine  formation  in  different  brain  areas  are  correlated  to 
the  distribution  of  the  two  enzymes,  tryptophan  5-hydroxylase  and  aromatic 
amino  acid  decarboxylase.   Whereas  the  activity  of  the  former  is  highest  in 
the  raphe  nuclei  of  the  pons,  the  activity  of  the  latter  is  highest  in  corpus 
striatum. 

Several  recent  studies  have  indicated  the  presence  in  brain  of  enzymes 
involved  in  the  pyrrolase  pathway  of  tryptophan  metabolism.  Methods  were 
therefore  developed  for  the  simultaneous  determination  of  radio-active  sero- 
tonin, tryptamine,  kynuramine  and  5-hydroxykynuramine.  No  evidence  was 
obtained  for  the  formation  of  5-hydroxkynuramine.   Traces  of  radio-activity 
were  found  corresponding  to  kynuramine  but  these  were  insufficient  to  estab- 
lish its  formation  with  certainty.   If  formed,  the  rate  of  kynuramine  synthesis 
did  not  exceed  2%  of  the  combined  formation  of  serotonin  and  tryptamine. 

The  results  of  this  research  are  the  subject  of  a  paper  which  has  been 
accepted  for  publication  in  the  Journal  of  Neurochemistry. 

(b)  Serotonin  metabolism  in  brain  slices 

Slices  from  the  same  four  areas  of  guinea  pig  brain;  i.e.,  cerebral 
cortex,  hypothalamus,  median  pons-medulla  and  corpus  striatum,  were  used  to 
continue  the  studies  on  the  metabolism  of   C-labelled  serotonin  in  vitro 
(see  Annual  Report  1975).  The  effect  of  incubation  in  a  glucose-free  medium 
and  in  media  containing  metabolic  inhibitors  was  investigated.  The  omission 
of  glucose  depressed  the  oxidation  of  serotonin  but  had  no  effect  on  the  ratio 
of  the  three  major  metabolites,  5-hydroxyindoleacetic  acid  (5-HIAA) ,  5-hydroxy- 
indoleacetaldehyde  and  5-hydroxytryptophol.   An  inhibitor  of  aldehyde  reductase, 
sodium  phenobarbital,  decreased  the  formation  of  5-hydroxytryptophol,  as 
expected;  in  addition,  it  also  reduced  the  oxidation  of  serotonin,  probably 
due  to  the  well-known  inhibitory  effect  of  barbiturates  on  electron  transport. 
The  effect  of  varying  the  concentration  of  serotonin  on  the  formation  of 
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metabolites  was  also  studied.   Ha If -maximal  velocity  was  reached  at  a  sero- 
tonin concentration  of  about  50yM. 

In  the  course  of  the  work  described  in  the  preceding  section  a  sample  of 
5-hydroxykynuramine  was  prepared.   It  is  known  that  this  compound  is  deaminated 
by  monoamine  oxidase;  the  aldehyde  formed  is  converted  to  4,6-dihydroxy- 
quinoline  (DHQ)  in  a  spontaneous,  nonenzymic  reaction.   It  has  been  claimed 
that  DHQ  is  formed  in  brain  and  other  tissues  from  5-hydroxytryptophan  and     , 
serotonin.  An  authentic  sample  was  prepared  from  5-hydroxykynuramine  and 
methods  for  its  separation  from  other  metabolites  were  developed. 

When  labelled  serotonin  was  incubated  with  brain  slices  significant 
amounts  of  radioactivity  were  found  in  areas  of  the  chromatograms  corresponding 
to  DHQ.   However,  it  has  not  yet  been  possible  to  exclude  sufficiently  the 
possibility  of  cross  contamination  from  other  metabolites,  particularly 
5-HIAA.   Work  on  this  problem  is  continuing. 
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Laboratory  of  Clinical  Psychopharmacology 
Richard  Jed  Wyatt,  M.D.,  Chief 

During  the  last  year,  progress  in  the  Laboratory  of  Clinical  Psycho- 
pharmacology  has  been  good.  This  is  the  first  time  that  I  can  say  with  some 
pride  that  all  of  our  junior  and  senior  staff  have  an  exceptional  degree  of 
clinical  and  scientific  competence.  Our  relationship  with  the  Hospital  is 
the  best  it  has  been  in  many  years,  and  with  each  year  we  are  increasing  our 
interaction  with  the  rest  of  the  Division  as  well  as  with  several  Laborator- 
ies in  the  other  Divisions  of  the  Intramural  Research  Program. 

In  the  Sleep  Laboratory  on  the  Bethesda  Campus,  Drs.  Mendel  son  and 
Sitaram  have  joined  us.  For  the  sake  of  brevity,  all  of  our  sleep  work, 
which  is  being  carried  out  both  there  and  at  Saint  Elizabeths,  is  reported  in 
the  annual  report  of  the  Adult  Psychiatry  Branch. 

An  especially  noteworthy  achievement  from  that  group,  which  is  led  by 
Dr.  Gill  in,  was  the  finding  that  physostigmine,  when  injected  intravenously 
during  the  interval  before  the  first  REM  period,  will  temporally  advance  the 
first  REM  period  and  the  accompanying  dream.  The  ultimate  significance  of 
this  finding  may  take  a  number  of  years  to  determine,  but,  it  is  noteworthy 
that  this  is  the  first  instance  where  we  have  been  able  pharmacologically  to 
make  a  dream  consistently  occur  earlier  than  it  would  normally. 

A  second  achievement  was  the  successful  use  our  new  GLC-mass  spectrom- 
eter. Dr.  Karoum  had  several  papers  published  based  on  this  work.  This  is 
especially  gratifying  since  these  very  sensitive  and  highly  specific  ma- 
chines are  notoriously  fragile.  There  are  biogenic  amines  as  well  as  many 
important  metabolites  now  being  measured  in  human  blood  and  CSF  for  the  first 
time. 

Our  previous  finding  with  Dr.  Murphy  that  some  schizophrenics  have  de- 
creased platelet  monoamine  oxidase  activity  has  now  been  confirmed  in  several 
laboratories.  Based  on  inconsistancies  in  the  results,  which  suggest  that 
this  decreased  activity  by  itself  is  not  causative  of  schizopnrenia,  we 
hypothesized  that  a  second  specific  genetic  deficit  (being  a  heterozygote  for 
phenylketonuria)  may  be  present  and  are  testing  some  of  our  patients  for 
this. 

Finally,  our  attempt  to  understand  why  people  use  drugs  of  abuse,  in 
particular  marijuana,  has  led  us  to  the  finding  that  marijuana  enhances  the 
right  hemisphere's  ability  to  process  information.  We  are  currently  doing 
experiments  to  determine  if  other  drugs  produce  similar  effects. 

Our  long  awaited  hope  to  be  able  to  study  psychiatric  disturbances  of  the 
senium,  has,  again,  been  put  off  due  to  the  lack  of  funding.  While  not  yet 
deserving  a  project  report,  however,  several  small  efforts  have  been  begun  in 
order  to  build  a  scientific  basis  to  be  used  when  a  more  concreted  effort  is 
possible. 
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LABORATORY  OF  i;EUROPlL\RltACOLOGY 
George  R.  Sigj^ins,  Ph.D.,  Acting  Chief 

This  suninary  document  Is  the  eighth  report  In  the  history  of  the 
Laboratory.   In  anticipation  of  ny  resignation  In  the  spring  of 
1976  and  recognizing  the  changes  In  direction  and  leadership  which 
iiust  be  determined  in  the  next  several  months  in  order  to  maintain 
the  scientific  coordination  and  momentum  of  the  presenc  Laboratory, 
I  have  asked  the  Section  Chiefs  to  once  again  characterize  their 
o^/n  accomplishments  and  Indicate  their  o\m   plans  for  the  next 
phases  of  the  research  they  have  chosen  to  pursue.  This  format 
follows  that  of  the  previous  Laboratory  Chief,  Dr.  F.  E.  Bloom, 
IJhile  the  Laboratory  has  in  fact  achieved  many  considerable  scien- 
tific accomplishments  in  the  past  several  years,  and  has  been 
particularly  productive  this  year,  I  am  pleased  that  the  Laboratory 
will  probably  retain  ti.'o  senior  independenc  scientists:   Drs,  Iloffer 
and  Ueight,  with  v/hom  I  have  been  privileged  to  vrork. 

However,  I  would  like  to  use  this  introductory  statement  to  provide 
some  overall  perspective  on  our  activities  vjhich  will  be  helpful  in 
fitting  together  the  more  detailed  descriptions  of  each  of  the  Sec- 
tions.  Close  readers  of  past  reports  will  recognize  at  the  outset 
that  a  characteristic  pattern  of  our  activities  becomes  lost  in  a 
Section-by-Section  style  description,  namely  the  strong  collaborative, 
interdisciplinary  nature  of  our  work.  These  studies  permitted  us  to  detect 
and  characterize  several  monoaminergic  projections  \vd.thin  the  central 
nervous  systems  of  several  mammalian  species,  which  have  provided  the 
scientific  methods  and  foundations  upon  which  all  of  the  very  exciting  work 
described  below  was  built,  and  from  which  highly  substantive  new  projects 
are  now  evolving. 

VJith  respect  to  our  most  fundamental  scientific  mission,  the  charac- 
terization of  the  norepinephrine  and  dopamine  mediated  projections  has 
permitted  the  evaluation  of  psychotherapeutic  agents  at  sites  kno\m  to 
transmit  by  these  chemicals.   Fhenothiazines  and  thloxanthines,  widely 
considered  to  act  in  schizophrenia  therapy  exclusively  as  antl-dopamine 
agents,  were  shown  to  affect  several  aspects  of  norepinephrine  transmission 
affect  several  aspects  of  norepinephrine  transmission  as  vrell.   Lithium, 
known  to  stabilize  the  affective  swings  of  manic-depressives,  was  shown  to 
have  a  selective  antagonistic  effect  on  norepinephrine  synaptic  inhibition 
in  the  hippocampus.   The  actions  of  amphetamine  at  the  cellular  level  were 
again  demonstrated  to  be  post-synaptic  in  both  dopamine  and  norepinephrine 
target  areas. 

At  the  molecular  level  of  research,  our  work   has  shovm  that  norepinephrine 
dopamine  and  acetylcholine  mediated  central  s\Tiapses  can  be  intimately 
associated  with  the  production  of  cyclic  nucleotides,  and  that  cvcllc  A'tP 
may  mediate  transmitter  effects  within  the  cell,  presumably  by  activating  a 
specific  protein  kinase.   Cyclic  AMP  iontophoretlcally  applied  within 
hlppocampal  pyramidal  neurons  is  effective  in  altering  membrane  properties. 
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while  catecholamine  transmitter  substances  work  only  on  the  extracellular 
surface;  furthermore,  derivatives  of  cyclic  AMP  inhibit  the  firing  of 
cerebellar  tarj^et  cells  in  direct  correlation  to  their  ability  to  activate 
brain  protein  kinases.   Moreover  evidence  v/as  accumulated  that  an 
adenosine  receptor  exists  in  caudate  which  also  may  be  responsible 
for  cyclic  AMP  generation.   In  attempting  to  develop  a  histochemical 
method  to  localize  adenylate  cyclase  in  potential  target  neurons,  it        |||| 
was  discovered  that  lead,  in  extremely  low  concentrations,  inhibits        ^ 
the  enzyrae;  this  effect  could  underlie  some  of  the  cerebral  signs 
of  lead  poisoning.   Finally,  other  molecular  work  reported  this  past 
year  from  our  group  indicates  that  in  cerebral  cortex,  hippocampal 
cortex  and  sympathetic  ganglia  cyclic  GMP  may  mediate  intracellular 
control  mechanisms,  perhaps  as  the  second  messenger  for  acetyl- 
choline, which  oppose  those  mediated  by  cyclic  AI^IP. 

At  the  cellular  level,  new  methods  have  been  evolved  for  the  detection  of 
monoamines  by  light  microscopy  and  to  trace  their  circuits.   Methods  have 
been  developed  to  examine  the  growth  and  development  of  the  central  nervous 
system  regions  which  give  rise  to  or  receive  monoamine  pathways,  and  to 
determine  in  normal  or  genetically  defective  animals  the  effects  and 
possible  roles  of  monoamines  in  these  areas  with  respect  to  experimental 
variables  such  as  undernutrition.  Applying  such  methods,  it  has  been 
possible  to  examine  the  pharmacological  and  physiological  properties  of 
neurons  maturing  in  brain  explants  cultured  in  vitro  or  transplanted  in 
vivo  into  the  anterior  chamber  of  the  eye  of  a  host  animal.  The  culture    itt 
v7ork  has  resulted  in  the  first  known  instance  of  longterm  maintenance  of 
catecholamine  production  in  vitro  for  several  vreeks,  and  will  be  an 
obviously  exploitable  preparation  for  both  neurobiology  and 
neuropharmacology.   Brain  pieces  explanted  in  oculo  express 
the  ability  of  neurons  to  develop  outside  of  the  central  nervous 
system,  and  to  organize  and  remain  viable.   Here  also,  to  be  attracted 
to  the  precise  and  exclusive  target  cell  in  oculo  as  in 
situ,  the  norepinephrine  terminals  of  the  sympathetic  nervous  system 
present  a  remarkable  insight  into  the  almost  magical  biology  of  brain 
development.  Aside  from  these  fundamental  possible  insights  into  cell 
surface  markers,  synapse  formation  and  function,  the  in^  oculo  transplants 
have  also  provided  us  with  a  model  system  for  determining  precise 
dose-response  curves  for  interesting  drugs  on  neuronal  discharge  which  is 
possible  through  the  superfusion  of  drug  solutions  through  the  anterior 
chamber. 

At  the  behavioral  level,  our  recent  work  has  begun  to  reveal  the  means  by 
which  the  synaptic  projections  arising  from  the  monoamine  cell  body  regions  |^ 
can  in  fact  regulate  the  performance  of  the  vjhole  animal.  The 
norepinephrine  source  neurons  in  the  nucleus  locus  coeruleus  have  been 
shown  to  be  directly  re-inforcing  on  rat  behavior.   Rats  quickly  learn  to 
self-stimulate  their  locus  coeruleus  to  receive  the  "reward"  of  an 
electrical  stimulation  there.  The  precise  activation  of  this  internal 
reward  mechanism  in  conjunction  with  other  sensory  events  detected  at  the 
neural  level,  and  combined  with  the  molecular  effects  possible  through  the 
activation  of  protein  kinases,  suggest  that  the  monoamine  pathways  which  we  f^ 
have  been  studying  could  underlie  the  longer-term  changes  which  are  more 
simply  termed  memory,  and  that  these  pathways  could  also  be  influential  in 
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attribucing  to  any  sensory  ivenc  the  re-inforcin^  or  aversive  quality  by 
\7hich  nuch  of  everyday  social  interaction  and  vegetative  function  is 
regulated. 

One  level  of  investigation,  the  behavioral  studies,  will  be 
greatly  reduced  on  June  1976  owing  to  the  resignation  of  the 
principal  investigators.   In  addition,  although  the  renaining 
scientists  T-ri.ll  be  using  cytochemical  techniques  in  their  work 
the  Section  on  Cytochemical  Pharmacology,  as  such,  will  be 
vacated  by  several  departures,  including  ny  own.   Mov/ever,  I 
believe  that  the  scientists  who  will  survive  these  departures 
will  insure  the  continuation  of  what  will  be  seen  as  some  of 
the  most  seminal  of  cellular  neurobiological  research  now  under- 
v;ay  with  the  Intramural  Research  Programs. 
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SECTION  ON  COMPARATIVE  NEUHOBIOLOGY 
George  R.  Siggins,  Ph.D.,  Acting  Chief 

The  Section  on  Conparative  Pharmacology  is  primarily  concerned  v/ith 
study  of  the  role  of  monoamines,  and  especially  norepinephrine,  in 
vertebrate  neurotransmission,  using  model  monoaminergic  systems  from 
the  nervous  systems  of  various  species.   Ue  seek  to  answer  the  follow- 
ing questions:   1)   how  do  monoamine-containing  neurons  synthesize, 
store  and  transport  their  monoamines  to  their  axonal  terminals; 
2)  what  mechanisms  are  triggered  when  the  released  monoamine  inter- 
acts with  the  postsynaptic  target  cell.  To  address  these  problems, 
we  currently  employ  the  follo^irlng  comparative  test  systems  arranged 
in  decreasing  order  of  organizational  complexity:   1)  The 
intact  cerebellum  of  the  normal,  anesthetized  rat  and  the 
caudate  nucleus  of  the  normal  rat;  2)   the  cerebellum  of  the 
anesthetized  normal  and  weaver  mutant  mouse  (the  cerebellum 
of  the  latter  is  genetically  devoid  of  parallel  fibers  and 
granule  cells) ;  3)   chronic  primary  cultures  or  explants  of 
central  and  peripheral  mammalian  and  amphibian  neurons;  4) 
acutely  isolated  (teased)  axons  from  the  frog  sciatic  nerve* 

TIIE  POST-SYNAPTIC  ACTION  OF  CATECHOLAl-IINES :   IIWOLVEIENT 
OF  CYCLIC  M!P  AND  PROTEIN  KINASE 


It  has  become  increasingly  apparent  from  previous  studies  on 
rat  cerebellum,  caudate,  hippocampus  and  cerebral  cortex  (see 
Project  Reports:   ZOl  MH  01184,  01223,  01224,  01257,  01298, 
01301,  and  01302)  that  the  potent  inhibitory  action  of  norepin- 
ephrine and  dopamine  in  these  structures  is  mediated  intracellu- 
larly  by  cyclic  AMP,  which  may  be  generated  by  the  interaction  of 
the  catecholamine  receptor  with  a  membrane  bound  adenylate  cyclase. 
This  hypothesis  grew  out  of  studies  showing  that  cyclic  AMP  applied 
by  iontophoresis  from  5-barrel  micropipettes  to  cerebellar  Purkinje 
cells  generally  mimics  the  inhibitions  produced  by  exogenous 
norepinephrine  or  by  activation  of  the  adrenergic  input  to  Purkinje 
cells  from  the  brain  stem  nucleus  locus  coeruleus  (LC) .  All  three 
of  these  manipulations  produce  hyperpolarization  of  rat  Purkinje 
cells  with  a  unique  increase  in  input  or  membrane  resistance. 
However,  it  is  conceivable  that  this  effect  in  intact  cerebellum 
could  evolve  from  indirect,  dysfacilatatory  effects  of  the  drugs 
or  LC  stimulation  on  a  tonically-active,  excitatory  pathway  from 
granule  cell/parallel  fibers  to  Purkinje  cells.  To  eliminate 
this  possible  source  of  indirect  effects  of  drugs  and  LC  stimula- 
tion on  Purkinje  cells,  we  have  this  year  studied  Purkinje  cells 
of  the  weaver  mouse.   In  this  mutant,  Purkinje  cells  lack  granule 
cell  inputs,  as  almost  all  granule  cells  die;  however  the  mutant 
Purkinje  cells  still  receive  a  rich  adrenergic  input  from  the  LC 
and  retain  almost  all  their  postsynaptic  thickenings  (and,  therefore, 
probably  transmitter  receptors) . 
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Dr.  llenrihsan.  Dr.  Landis  and  I  found  chac  Purkin j e  cells  of  che 
\7eaver  mouse  are  capable  of  sustaining  a  near-nornal  spontaneous 
discharge  of  accion  pocentials,  in  spice  of  cha  deficic  of  the 
raajor  excitatory  input  to  the  cell.   :ioreover,  stimulation  of 
the  LC  and  iontophoresis  of  norepinephrine  and  cyclic  /u!P  produces 
inhibitions  of  the  discharge  apparently  identical  to  those  seen  in 
norrial  mouse  and  rat  cerebellum.   The  anci-adrenergic 
agent  fluphenazine  v/as  found  to  block  the  LC-evoked  inhibitions 
of  weaver  Turkinje  cells.   Indeed,  most  of  the  neurotransmitters 
and  drugs  tested  by  iontophoresis  (serotonin,  gamma  aninobutyrate, 
glutamate,  norepinephrine,  cyclic  AlIP,  cyclic  GIP)  had  identical 
effects  in  the  v/eaver  compared  to  normal.  Only  acetylcholine, 
v;hich  was  mostly  excitatory  in  weaver  and  inhibitory  in  normal 
mouse,  produced  different  effects.   Thus,  the  daca  support  a 
direct  effect  of  most  iontophoretically  applied  drugs  and  of 
LC  stimulation  on  Purkinj e  cell  activity. 

Dr.  lloffer  and  I  also  collaborated  on  continuing  iontophoresis 
studies  of  neurons  in  the  caudate  nucleus.   As  for  norepinephrine 
in  cerebellum,  cyclic  AIIP  seems  to  mimic  (and  probably  mediate) 
the  inhibitory  effects  of  dopamine.   The  dopamine  inhibitions 
are  powerfully  blocked  by  phenothiazines  and  thioxanthines. 
However,  unlike  cerebellum,  the  catecholanine-evoked  inhibitions 
are  not  antagonized  by  beta  adrenergic  blockers  or  prostaglandin 
E.   Indeed  the  latter  substance  potentiates  the  cyclic  AIIP  and 
dopamine  responses.  Pvemoval  of  the  endogenous  dopamine  pathway 
to  caudate  by  6-hyroxydopanine  increases  responsivity  to  ionto- 
phoretic  dopamine,  indicating  denervation  supersensitivity,  and 
increases  spontaneous  firing  of  caudate  neurons  indicating  a 
tonically  firing  dopamine  inhibitory  pathway  in  normal  animals. 
Itoreover,  recent  studies  suggest  the  existence  in  caudate  neurons 
of  an  adenosine  receptor,  distinct  from  the  dopamine  receptor, 
which  also  can  generate  cyclic  AJIP. 

However,  the  question  still  remains  as  to  how  the  cyclic  AMP 
itself,  generated  post-synaptically  by  release  of  catecholamine, 
could  trigger  the  hyperpolarization  with  increased  membrane 
resistance  (decreased  ionic  conductance) .  A  hint  to  this  ques- 
tion may  be  found  in  the  suggestion  by  Paul  Greengard  and  his 
colleagues  that  protein  kinases  may  be  universally  involved  in 
the  diverse  physiological  actions  of  cyclic  AMP.  Thus,  intracell- 
tilar  cyclic  AMP  might  activate  protein  kinase  which  in  turn 
would  phosphorylate  a  protein  (presumably  a  membrane  constituent) 
which  might  then  alter  membrane  conductance  to  (or  pumping  of) 
some  ion  such  as  sodium.  To  test  this  possibility  physiologically. 
Dr.  Henriksen  and  I  applied  various  anologues  of  cyclic  AMP 
(possessing  differing  degrees  of  potential  for  activating  brain 
protein  kinase)  to  rat  cerebellar  Purkinj e  cells  by  iontophoresis. 
The  results  indicate  that  cyclic  AJfP  analogues  depress  Purkinj e 
cell  discharge  in  direct  and  significant  correlation  with  their 
ability  to  stimulate  brain  protein  kinase  in  vitro,  thus  implica- 
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ting  protein  kinase  in  the  inhibitory  action  of  cyclic  AI!P  and  ^ 

norepinephrine . 

Further  analysis  of  the  biophysical  action  of  cyclic  /il'P  and  pro- 
tein kinase  a-izaits  the  development  of  our  tissue  culture  methodology, 
Drs,  Shoenaker,  Forraan,  and  Schlumpf  have  succeeded  in  growing 
excitable  central  and  peripheral  neurons  in  culture,  \rLth.   the 
object  of  recording  membrane  properties  by  intracellular  t-echniques 
during  application  of  drugs  and  replacement  of  the  bathing  medium         /& 
\7ith  fluids  having  altered  ionic  composition,   I  have  written 
computer  programs  (for  PDP-12  computer)  to  automatically  generate 
and  store  current/voltage  curves  from  intracellular  stimulation 
of  neurons,   Drs.  Padjen,  Forman,  and  I  have  chosen  for  this  elec- 
trophysiological study  the  large  frog  sympathetic  ganglion  neurons 
in  culture.   Current /voltage  curves  from  these  neurons  give  a  de- 
tailed picture  of  the  specific  membrane  resistance  and  capacitance 
of  the  neurons  and  how  these  properties  change  with  application 
of  certain  neurotransmitters  such  as  gamma- aminobuty rate  (GALA) 
and  acetylcholine,   VJe  now  have  evidence  that  the  unique  depolari- 
zing effect  of  GABA  is  a  result  of  an  increased  conductance  to 
chloride  ions,  Hov/ever,  to  date  it  has  proved  difficult  to  evoke 
reproducible  responses  of  these  frog  neurons  to  catecholamines  or 
cyclic  AlIP,  probably  due  to  technical  difficulties  in  delivering 
sufficient  quantities  of  drug  to  the  cell.   However,  recent  studies 
show  that  high  concentrations  of  norepinephrine  (2-5  mM)  can  hyper- 
polarize  these  neurons  with  a  decrease  in  ionic  conductance,  simi- 
lar to  its  effect  in  cerebellar  Purkinje  cells  in  situ,  'M 

SYNTHESIS,  STORAGE  AND  RELEASE  OF  CATECHOLAMINES 

Drs,  Shoemaker  and  Schlumpf  have  adapted  the  catecholamine 
radio-assay  technique  of  Axelrod  to  neurons  in  tissue  culture, 
with  a  view  toward  co-culturing  catecholamine-containing  cells 
with  appropriate  target  neurons.   This  technique  has  then  been 
applied  to  cultures  of  sympathetic  ganglia  and  brain  nuclei 
(locus  coeruleus,  substantia  nigra)  known  to  synthesize  and  store 
catecholamines  in  vivo.  Their  studies  with  various  culture  media 
show  that  the  brain  catecholamine  nuclei,  when  cultured  as  explants, 
still  are  capable  of  sjTithesizlng  catecholamines,  but  do  not  store 
them  In  expected  quantities.   We  verified  this  finding  by  showing 
lack  of  formaldehyde-Induced  fluorescence  in  the  cells,  but  have 
seen  neurons  that  stain  positively  by  Immunohlstochemistry  with 
antibodies  to  tyrosine  hydroxylase.  The  catecholamines  are  Instead 
found  In  large  quantities  In  the  culture  medium.  Addition  to  the  growth  g, 
medium  of  nerve  growth  factor,  various  catecholaiaine-enzyme  co- factors     " 
such  as  ascorbic  acid,  copper  Ions,  and  DMPH  ,  or  metabolic  poi- 
sons of  the  rapidly  dividing  non-neural  cells,  had  virtually  no 
effect  on  this  catecholamine  leakage  or  on  the  net  storage  pool, 
Co-culturlng  of  substantia  nigra  with  caudate  (the  target  tissue) 
or  locus  coeruleus  with  cerebellum  also  was  without  effect. 
Furthermore,  culturlng  brain  nuclei  In  culture  medium  optimum 
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for  grov/th  of  sympathetic  ganglia  leads  to  cell  death.   Because 
brain-stem  neurons  differentiate  ruich  earlier  in  davelopnenc 
compared  to  ganglia  neurons,  a  major  effort  is  being  made  to 
explant  locus  coeruleus  and  substantia  nigra  cells  from  very 
young  embryos.   Toward  this  end.  Dr.  Schlumpf  has  begun  a  fluor- 
escent and  cell-stain  atlas  of  the  embr:;onic  rat  brain.   Pro- 
cedures for  obtaining  tissue  from  animals  14  days  of  gestation 
have  been  developed.   Shortly,  V7e  will  be  able  to  culture  the 
catecholamine-containing  brain  cells  before  or  soon  after  cheir 
final  differentiation  into  neurons.   This  should  aid  in  obtaining 
cultures  that  mimic  closely  the  in  vivo  situation. 

AXONAL  TRt'J:! SPORT 

Axonal  transport  is  a  fundamental  process  of  all  neuron  types, 
and  is  the  process  whereby  chemical  communication  is  possible 
between  the  neuron  soma  and  its  distant  terminals.   It  is  kno\/n 
that  active  axonal  transport  carries  the  enz-j-mss  necessary  for 
s->,Tithesis  of  catecholamines  and  other  neurotransmitters  to  the 
synapse,  and  is  responsible  as  well  for  bringing  back  these  and 
other  chemical  messages  from  the  periphery. 

A  promising  new  way  to  study  axonal  transport  is  the  direct 
observation,  by  specialized  light  microscopy,  of  the  movements 
of  subcellular  particles.   Drs.  Forman,  Padjen  and  I  have  filmed 
these  movements,  by  time-lapse  cinemicrography,  in  carefully 
dissected  axons  from  bullfrog  sciatic  nerve  and  in  cultured 
neurites  of  frog  dorsal  root  ganglia  and  rat  cerebellum.   Frame- 
by-frame  measurements  of  the  particle  movements  are  then  performed 
\rLth   an  L-W  motion  analyzer  system  and  analyzed  in  nimerous 
ways  by  a  PDP-12  computer,-  providing  the  most  extensive  quanti- 
tative study  evei.  made  of  such  particle  movements. 

The  basic  features  of  the  organelle  movements  so  far  clarified 
are:   1)   the  movements  occur  at  an  average  velocity  of  about 
90  mm/ day,  consistent  with  the  fast  mode  of  axonal  transport 
characterized  by  tracer  studies;  2)   the  movements  are  saltatory 
and  bidirectional;  3)   the  velocities  of  individual  distributions 
of  the  entire  population  of  particles  in  a  fiber  are  similar  from 
axon  to  axon;  4)  most  (90%)  of  the  visible  particles  move  toward 
the  cell  body;  5)   particle  movement  is  highly  temperature  sensi- 
tive, with  a  Q   of  3.   Low  temperatures  block  the  movements  as 
do  certain  drugs  such  as  chlorproraazine. 

Thus,  it  appears  that  analysis  of  particle  movements  represents 
a  promising  new  way  to  study  axonal  transport,  yielding  informa- 
tion on  basic  mechanisms  of  transport  not  accessible  to  approach 
by  the  more  popular  radiotracer  and  enzyme  accumulation  methods. 
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SECTION  ON  CYTOCHEIIICAL  PIiARIL\COLOGY  ;CS 

G.  R.  Siggins,  Ph.D.,  Acting  Chief 

The  Section  on  Cytocheinical  Pharmacology  is  terminating  experiments 
designed  to  characterize  and  identify  the  cytological  location  of 
particular  sjnaaptic  terminals  in  terms  of  their  transmitter  content 
and  post-synaptic  receptor  mechanisms.   As  in  the  past,  major  emphasis 
has  been  placed  on  identifying — by  light  and  electron  microscopy — 
the  site  and  destiny  of  norepinephrine-containing  nerve  cerminals         ^ 
on  target  cells  to  be  studied  by  electrophysiological  and  pharmac- 
ological methods  in  other  Sections,  and  to  attempt  to  complement 
those  studies  by  testing  the  involvement  of  cyclic  nucleotides  at 
these  synaptic  sites.   Notable  highlights  of  the  past  two  year's 
activities  have  been  the  development  of  a  new  light  microscopic 
method  of  great  speed  and  improved  sensitivity  for  the  identifi- 
cation of  catecholanine-containing  neurons  and  nerve  terminals, 
and  the  combination  of  behavioral  observations  ^Tith  cytochemistry 
on  the  functional  role  of  norepinephrine  fiber  systems  in  un- 
restrained rats  and  squirrel  m.onkeys. 

Before  their  resignation  in  October  1975,  Ms.  Battsnberg  collabor- 

rated  \rLth.   Dr.  Bloom  to  develop  a  nev;  procedure  for  the  demonstration 

of  catecholanine-containing  fibers  and  neurons  by  fluorescence 

microscopy  by  modifying  the  glyoxylic  acid  methods  of  Lindvall 

and  Bjorklund  to  the  cryostat.  The  resultant  procedure  makes 

possible  the  rapid  demonstration  of  even  the  most  fine  fiber  ^ 

systems  within  minutes  after  the  conclusion  of  an  experiment.  ^ 

Thus  far,  the  new  method  has  been  used  to  document  the  natural 

occurrence  of  norepinephrine  fibers  in  the  cerebellum  of  noiroal 

rats  and  mice,  neonatal  rats,  x-irradiated  rats,  cerebella  and 

hippocampi  transplanted  in  oculo  and  several  types  of  hypocere- 

bellar  mutant  mice.   In  an  attempt  to  correlate  glyoxylic  acid 

induced  fluorescence  (GIF)  and  electron  microscopy,  Dr«  Koda 

and  Dr.  Bloom  have  combined  this  new  GIF  method  ^Tlth  electron 

microscopy.  They  have  shown  that  GIF  and  small  granule  vesicles 

(sgv)  have  a  similar  distribution  in  the  rat  dentate  gyrus  and 

that  reserpine  and  6-hydroxy  dopamine  treatment  both  decrease 

GIF  and  sgv  in  the  gyrus. 

In  attempts  to  extend  the  cytochemical  characterization  of 
cyclic  nucleotide  involvement  in  synaptic  transmission,  Dr,  Nathan- 
son  has  continued  to  pursue  studies  designed  to  provide  a  valid 
cytochemical  method  for  the  localization  of  neurotransmitter- 
sensitive  adenylate  cyclase.  Previously  published  methods  for  ^ 

such  a  procedure  did  not  deal  with  nervous  tissue,  and  prelini- 
nary  experiments  by  Dr,  Bloom  and  Ms,  Battenberg  had  suggested 
that  methods  based  on  the  precipitation  of  lead  phosphate  could 
reveal  norepinephrine  catalyzed  enzyme  activity.  To  verify  this 
suggestion,  Dr,  Nathanson  implemented  a  cyclic  AMP  assay  for 
adenylate  cyclase  activity  to  determine  the  effects  of  the 
cytochemical  reaction  reagents  on  the  enzyme  and  substrates,  and 
to  determine  the  optimal  reaction  conditions  for  the  cytochemical         f' 
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reaction.   Surprisinf^ly,  ic  was  learned  chrou2;h  chese  er.perimencs 
thac  lead  ion  would  inhibit  the  enzyme  at  excremely  lot;  levels 
and  also  causa  th^   non-£nz\Tnazic  cacalysis  of  the  substrate;  thus, 
in  the  presence  of  Pb,  the  enzyme  is  inactive,  hue  che  subs  trace 
vn.ll  break  do^m,  forminr;  a  visible  reaction  precipitate.   Pre- 
sumably this  precipitate  has  been  the  endpoint  previously 
reported,  but  is  undoubtedly  plagued  with  so  nuch  artefact 
as  to  be  uninterpretable.   Continued  biochenical  investigations 
by  Dr.  ilathanson  during  che  past  year  have  led  to  che  developnent 
of  several  new  methods  v/hich  show  substantial  promise  for  visu- 
alizing the  adenylate  cyclase  reaction  product.   As  an  outgrowth 
of  his  work  on  metal  ions,  Dr.  Nathanson  has  continued  his 
experiments  which  suggest  that  behavioral  dysfunctions  of  lead 
and  certain  other  heavy  metal  toxicities  in  man  could  in  fact 
result  from  the  actions  of  these  metals  on  adenylate  cyclase. 

In  recent  experiments,  Drs,  Ilathanson  and  Shoemaker  measured  the 
changes  in  hormonal  sensitivity  of  brain  rerrions  to  neurotrans- 
mitters in  terms  of  adnylate  cyclase  activicy.   These  experiments 
investigated  the  possibility  that  specific  foras  of  nutritional 
deprivation  (in  this  case  postnatal  protein  deprivation)  may 
alter  brain  development  by  selective  depression  of  certain  forms 
of  chemical  transmission.   It  was  found  that  both  norepinephrine 
and  dopamine  activated  adenylate  cyclase  were  altered  by  this 
perturbation,  particularly  with  respect  to  the  dose- response 
peaks  indicative  of  modified  sensitivity.   These  experiments 
suggest  the  usefulness  of  the  kinetic  characteristics  of 
adenylate  cyclase  as  in  index  to  the  degree  of  function  of 
synapses  in  vivo. 

Drs.  Shoemaker  and  Bloom  and  Ms.  Battenberg  have  continued  to 
explore  means  of  acquiring  a  computer-base  optical  analysis 
method  for  the  more  rapid  quantification  and  raorphometric 
characterization  of  synaptic  contact  points  based  on  the 
ethanolic  phosphotungstic  acid  method.   In  this  year,  renewed 
efforts  have  been  made  to  collaborate  with  DCRT  at  NIH.  Thanks 
to  the  support  of  Dr.  Judith  Prewitt,  this  project  again  seems 
to  have  some  opportunity  of  success.   Efforts  are  now  underway 
to  utilize  the  optical  analyzing  syscens  available  at  the  Jet 
Propulsion  Laboratories  of  Cal  Tech,  supported  by  grants  from 
DCRT,  to  analyze  our  material  from  normal  and  undernourished 
rats.   If  successful,  these  methods  will  establish  another 
morphological  index  to  be  used  in  the  characterization  of  the 
deficits  attendant  to  undernutrition  and  its  recovery  upon 
re-feeding.   In  addition,  this  method  could  be  used  to  assess 
the  phenomena  of  axonal  sprouting  and  to  determine  the  changes 
in  synapses  \rLth   aging,  as  well  as  to  characterize  the  changes 
in  specific  morphometrically  characterized  synaptic  populations. 

Drs»  Koda  and  Henriksen  are  investigating  reported  neuropatholigic 
effects  of  p-Cl-amphetamine  and  fenfluramine*   In  addition  to 
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providing  sone  e^periniental  tools   for  the  selective   elimination  of  4% 

central  serotonin  neurons,  these  experinents  may  also  be  expected 

to  reveal  whether  the  appetite  suppressant  drug  fenfluramine  is 

able  to  produce  nerve  cell  death  in  animals.   After  drug  treatment, 

brains  were  prepared  for  formaldehyde  induced  fluorescence  or 

stained  for  degenerating  nerve  fibers.   Preliminary  cell  counts 

of  the  fluorescent  nucleus  B9  and  silver  staining  for  degenerating 

nerve  fibers  suggest  no  cell  loss  in  this  nucleus. 
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Unit  on  Psychobiology:   In  order  to  begin  to  develop  methods  which 
would  reveal  the  behavioral  significance  of  the  neuronal  circuits 
which  were  capable  of  detection  by  cytochenical  methods,  a  unit 
on  psychobiology  was  established.   In  the  past  year  three  types 
of  experimentation  were  performed,  all  of  which  have  successfully 
yielded  exciting  new  data. 

In  the  squirrel  monkey,  Dr,  Foote  has  documented  the  existence  of 
norepinephrine-containing  projection  from  the  locus  coeruleus  to 
the  auditory  cortex  and  has  pursued  in  the  awake  monkey  the 
influence  of  iontophoretically  applied  norepinephrine  on  responses 
of  cortical  units  to  squirrel  monkey  vocalizations.   These  studies 
also  indicate  that  while  norepinephrine  is  itself  depressant  on 
spontaneous  cell  activity,  during  the  application  of  norepinephrine 
responsive  cortical  units  still  respond  vigorously  to  a  particular 
vocalization.   In  subsequent  experiments  v/ith  Dr,  Schv/artz,  Dr, 
Foote  has  pursued  this  preparation  by  attempting  to  record  neurons 
from  the  locus  coeruleus  and  to  determine  the  effects  on  these 
units  of  the  valizations  known  to  affect  units  in  the  auditory 
cortex.  To  facilitate  the  acquisition  of  heuristic  data,  monkeys 
in  these  experiments  are  also  trained  beforehand  to  respond  to 
visual  signals  by  bar  pressing  for  liquid  rewards.   If  brain 
circuits  arising  from  the  locus  coeruleus  are  responsive  to 
such  rewarding  experimental  manipulations,  we  expect  that  direct 
observation  of  the  activity  of  the  locus  coeruleus  neurons  will 
reveal  this  relationship  more  clearly.   However,  two  problems 
have  arisen  which  have  considerably  slowed  progress  on  this 
project:   the  stereotaxic  approach  to  the  locus  coeruleus  in 
the  squirrel  monkey  is  quite  lengthy  and  minute  errors  in  the 
blind  navigational  approach  have  so  far  outweighed  successful 
hits.  To  improve  accuracy,  we  have  developed  x-ray  based  tri- 
angulation  techniques  and  the  extension  of  guiding  tubes  for 
the  microelectrodes.   In  each  case,  cytological  information  is 
needed  to  verify  the  units  from  which  we  recorded  during  the 
experiments.  As  a  result  each  monkey  can  be  used  only  for  a 
limited  number  of  recording  sessions  before  adjacent  electrode 
tracts  become  obscured  or  eliminated  by  the  healing  process. 
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SECTION  ON  DEVELOPIIENTAL  NEUROBIOLOGY 
liarry  J.  Hoffer,  M.D.,  Ph.D.,  AccinR  Chief 

The  research  efforts  of  the  Section  on  Developmental  Neurobiology  have  been 
focused  on  two  broad  areas  during  the  past  year:   1)  The  interaction  of  the 
adrenergic  synapses  in  the  brain  with  psychoactive  drugs  and  the  influence 
of  such  adrenergic  input  upon  information  processing;  2)  The  development  of 
synaptic  organization  during  normal  ontogeny  and  after  perinatal  manipulation. 
Recently,  v/e  have  also  studied  3)  Mechanisms  of  cholinergic  transmission  in 
the  central  nervous  system  and  the  role  of  such  input  in  the  production  of 
epileptiform  discharge. 

THE  ROLE  OF  ADRENERGIC  Sr^'APSES  IN  THE  DRAIN  IN  INTOPJIATION  PROCESSING 
A:>ID  their  INTERACTION  WITH  PSYCHOACTIVE  DRUGS 

Previous  work  from  our  group,  summarized  in  last  year's  annual  report,  has 
indicated  that  cerebellar  Purkinje  neurons  receive  an  inhibitory  adrenergic 
(NE)  input  from  locus  coeruleus  and  that  this  inhibition  may  be  mediated  by 
cyclic  3' ,5 '-adenosine  monophosphate  (cAMP) .   During  the  past  year,  we  have 
studied  (Project  #  ZOl  fQI  01223)  the  influence  of  adrenergic  activity  on 
Purkinje  cell  responses  to  mossy  and  climbing  fiber  sensory  input.   With 
respect  to  both  excitatory  and  inhibitory  responses,  NE  clearly  increases 
the  magnitude  of  the  response  relative  to  background  spontaneous  activity 
and  hence  increases  the  "signal  to  noise"  ratio.  These  findings  are 
especially  interesting  in  view  of  the  postulated  role  of  monoamines  in 
sensory  perception  and  learning. 

Another  set  of  experiments  in  this  project  concerns  the  interaction  of 
phenothiazines  and  their  derivatives  with  the  adrenergic  input  in 
cerebellum.  A  wealth  of  biochemical  data  has  shown  that  clinically 
efficacious  neuroleptics  influence  monoamine  pathways  in  the  CJiS  and 
that,  by  implication,  dysfunction  of  these  pathways  may  be  involved  in 
psychotic  behavior.   The  first  problem  was  to  quantitate  the  responses 
to  microiontophoresis  of  putative  transmitters  and  the  influences  of 
iontophoresis  of  neuroleptics.  Accordingly,  a  new  crystal  clock  programm- 
able iontophoresis  unit  and  machine  language  computer  programs  were 
developed  to  quantitate  response  to  iontophoresis  of  drugs  (Freedman, 
Hoffer  and  Woodward,  Brit.  J.  Pharmacol,,  54,  1975).   Using  this  approach, 
it  was  shown  that  clinically  efficacious  phenothiazines  such  as  fluphenazine 
and  alpha  fluphenthixol  and  chlorpromazine,  could  selectively  antagonize  NE 
and  DA  responses  in  cerebellum  and  caudate  respectively  (Freedman  and  Hoffer, 
J.  Neurobiol.,  6,  1975;  Siggins,  Hoffer  and  Ungerstedt,  Life  Sci.,  1974). 
Clinically  inactive  phenothiazines  showed  no  adrenolytic  activity  in 
cerebellum,  either  electrophysio logically  or  biochemically  (Skolnick,  Daly, 
Freedman  and  Hoffer,  J.  Pharmacol.  Exp.  therap.,  in  press).   Inhibitory 
responses  co  cAMP  and  GABA  are  not  affected  by  phenothiazines.   Moreover, 
\7hile  parenteral  injection  of  fluphenazine  antagonizes  the  adrenergic 
inhibition  from  locus  coeruleus,  it  does  not  influence  GABA  mediated 
basket  cell  inhibition  or  climbing  and  parallel  fiber  excitation  (Freedman 
and  Hoffer.   J.  Nuerobiol.,  6,  1975).   In  cerebella  degranulated  by 
neonatal  x  irradiation,  neuroleptics  completely  block  the  elevation  of 
cyclic  AMP  in  slices  elevated  by  incubation  with  NE  and  antagonize 
noradrenergic  depression  of  Purkinje  neurons  (Hoffer,  Freedman,  Woodward, 
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Daly  and  Skolnick  Exp,  Neurol,  in  press).   This  suggests  that  the  effects 
of  neuroleptics  in  normal  cerebellum  are  localized  to  Purkinje  cell  B 
receptors  and  that  granule  cell  B  receptors  are  unaffected.  These  data, 
supportinp;  the  hypothesis  that  clinically  active  phenothiazines  specifi- 
cally influence  adrenergic  input  to  Purkinje  cells,  are  especially 
intriguing  in  view  of  the  possible  influences  of  such  input  on  sensory 
perception  noted  above. 

Another  line  of  research  involved  the  interaction  of  norepinephrine 
in  cerebellum  ^^^lth  metals  ions.  Lanthanum,  long  believed  to  be  a 
specific  calcium  antaganist,  blocks  norepinephrine  responses  and 
cerebellar  adenylate  cyclase  independently  of  calcium  (Nathanson, 
Freedman  and  lloffer.  Nature  in  press).   Heavy  metals,  such  as  lead, 
also  block  adenylate  cyclase  and  noradrenergic  depression  of  Purkinje 
neurons. 

These  experiments  represent  a  continuing  effort  on  the  part  of  the 
laboratory  to  characterize  the  functional  role  of  central  adrenergic 
pathways  (Hoffer,  Siggins  and  Bloom,  Brain  Res,,  I971:  Hoffer,  Siggins,  ~- 
Oliver  and  Bloom,  J.  Pharmacol.  Kxp,  Therap,,  1973).   The  current 
research  program  is  designed  to  apply  what  has  already  been  learned 
in  terms  of  underlying  physiological  mechanisms  to  problems  in  psycho- 
pathology  and  the  interpretation  of  data  from  clinical  psychiatric 
studies, 

THE  DEVELOPTIENT  OF  SYNAPSES 

A  second  area  studied  by  our  section  is  the  ontogenetic  development  of 
chemosensitivity  and  synaptic  organization  in  the  brain.  As  summarized 
in  previous  reports,  our  initial  efforts  were  directed  towards  cerebellar 
"normal  developmental  milescones"  (Uoodward,  Koffer,  Siggins  and  Bloom, 
Brain  Res,,  1971).   More  recently,  v/e  have  produced  several  perinatal 
perturbations  and  examined  their  effects  on  subsenuent  brain  development. 
Using  X-irradiation  during  the  neonatal  period,  it  is  possible  to  destroy 
all  cerebellar  interneurons  without  affeccing  the  number  of  Purkinje  cells. 
The  cerebellum  remains  at  less  than  1/10  normal  adult  size  and  the  Purkinje 
cell  bodies  and  dendritic  tree  are  totally  disorganized.   Nonetheless, 
Purkinje  cell  discharge  and  chemosensitivity  is  similar  to  that  of  normal 
cerebellum.  Moreover,  a  synaptic  reorganization  occurs  resulting  in  both 
excitatory  and  inhibitory  input  to  these  neurons  (Woodward,  Hoffer  and 
Altman,  J.  Neurobiol,  197A).   During  the  coming  year,  we  plan  to  study 
cerebellar  development  in  racs  suffering  from  perinatal  malnutrition, 
hypothyroidism,  or  exposure  to  antimitotic  agents,  in  order  to  better 
define  the  various  environmental  influences  on  brain  maturation. 

Developmental  studies  on  brain  in  vivo  present  many  technical  problems. 
However,  an  extremely  useful  system  for  studying  neuronal  maturation  has 
derived  from  a  technique  developed  in  a  collaboration  between  our  section 
and  Dr,  Lars  Olson  of  the  Karolinska  Institute,  Stockholm,  Sweden,   We 
have  successfully  transplanted  various  regions  of  fetal  rat  brain  into 
the  anterior  eye  chamber  of  adult  host  recipients.  The  transplants  are 
vascularized  from  the  iris  and  survive  and  develop.  To  date  we  have 
extensively  studied  cerebellum  and  hippocampus  transplants.   In  both 
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cases,  che  pieces  f^row  and  develop  into  an  adult  structure  (Iloffer, 
Seip,er,  Ljungberg  and  Olson,  Brain  Res.,  1974;  Olson,  Freedman,  Seiger 
and  Iloffer,  Brain  Res.  in  press).   Histologically,  che  characteristic 
laninar  neuronal  organization  is  present  and  electrophysiologically, 
nomal  intracortical  synapses  and  chenosensitivity  develop.   Oolgi 
impregnation  studies  (I.'oodward,  Olson,  Seiger  and  Hoffer  in  prep.) 
indicate  that  the  transplant  hippocampal  pyramidal  neurons  elaborate 
well  oriented  apical  and  basilar  dendritic  trees. 

Significantly,  the  adrenergic  fibers  which  nomally  innervate  the  iris 
also  invade  the  cerebellar  and  hippocampal  transplants,  changing  in 
appearance  from  "peripheral"  to  "central"  nervous  morphology  en  route, 
and  may  establish  functional  connections  with  the  transplant  neurons 
(Iloffer,  Olson,  Seiger  and  Bloom,  J.  Neurobiol.,  6,  1975).   The  adrenergic 
input  CO  cerebellum  in  oculo  shows  the  same  latency,  duration  and 
pharmacological  interactions  as  that  described  in  situ  from  the  locus 
coeruleus  (Hoffer,  Siggins,  Oliver  and  Bloom,  J.  Pharmacol.  Exp.  Therap., 
1973).   Thus,  the  anterior  chamber  transplants  may  also  provide  a  way 
CO  activate  adrenergic  input  to  brain  regions  by  stimulation  of  the 
peripheral  HE  input  to  the  eye.   In  view  of  the  isolation  of  the  trans- 
plant from  other  central  nervous  connections,  this  would  provide  a 
degree  of  selectivity  impossible  to  duplicate  in  situ.   Our  future 
plans  include  an  examination  of  the  interaction  between  NE  input  to 
the  transplant,  elicited  by  cervical  trunk  stimulation,  and  the 
administration  of  psychoactive  drugs  by  superfusion  of  the  anterior 
eye  chamber  (see  Project  Grouping  /'  1).  This  would  circumvent  some 
of  the  ambiguities  inherent  in  iontophoresis  or  parenteral  drugs 
administration. 

IIACROMOLECULAR  MECH.MIISMS  IN  CHOLINERGIC  TRAiJSMISSION  -RELATIONSHIPS 

TO  EPILEPSY 

For  a  number  of  years,  our  laboratory  has  studied  the  response  to 
microiontophoresis  of  NE  and  the  possible  role  of  cAMP  as  a  second 
messenger  in  this  response.  The  studies  have  involved  receptor  blockade, 
effects  of  phosphodiesterase  inhibitors,  and  responses  to  prostaglandins. 
Recent  studies  in  the  peripheral  nervous  system  have  suggested  that  cAMP 
and  3' ,5 '-guano sine  monophosphate  (cGMP)  have  opposing  actions  and  that 
cGIIP  acts  as  a  second  messenger  for  cholinergic  transmission.   In  an 
effort  to  extend  this  dualism  to  the  central  nervous  system,  we  have 
studied  iontophoretic  responses  of  pyramidal  neurons  in  the  cerebr^.l 
cortex  in  situ  (Stone,  Taylor  and  Bloom,  Science,  1975)  and  in  hippocampal 
formation  transplanted  to  the  anterior  eye  chamber  (Hoffer,  Freedman, 
Olson  Seiger,  and  Taylor,  Brain  Res.,  in  press).   In  both  cases  the 
excitatory  responses  to  acetylcholine  are  mimicked  by  application  of 
cyclic  GJIP. 

Experimentally  and  clinically,  the  hippocampus  is  characterizea  by  a  low 
threshold  for  interictal  spikes  and  seizure  discharge,  and  this  propensity 
is  retained  after  transplantation.   Indeed,  using  the  EEG,  abnormal  spikes 
and  seizure  discharge  which  are  seen  in  the  transplant  after  electrical 
and  chemical  stimulation  are  indistinguishable  from  chose  found  in  situ 
(Freedman,  Hoffer,  Seiger,  Olson  and  Taylor,  in  preparation).   Our  most 
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recent  evidence  suggests  that  the  seizure  thresholds  are  greatly  influenced 
by  cholinergic  input  to  the  transplant,   lontophoretic  administration  of 
acetylcholine,  eserine  or  cyclic  QIP,  or  activation  of  the  parasyiapathetic 
input  to  the  eye,  readily  triggers  interictal  spikes  and  full  scale  ictal 
episodes.   During  the  coning  year,  we  plan  to  study  the  interaction  of 
cholinergic  input  \d.th  antiepileptic  drugs.   In  view  of  the  extensive 
cholinergic  innervation  of  the  hippocampus  and  cerebral  cortex  in  situ,  tvjo 
brain  areas  which  are  often  the  sites  of  epileptic  foci  clinically,  it  is 
hoped  that  these  studies  in  the  transplant  \-rLll   have  relevance  for 
understanding  the  basic  neuronal  mechanisms  in  seizure  disorders.   It  may 
be  well  to  point  out  that  while  seizure  activity  in  neurons  of  the  motor 
cortex  produces  epileptic  convulsions,  the  behavioral  sequelae  of  seizure 
activity  in  (affective)  limbic  regions  of  the  CIJS  are  more  complex.   It  is 
not  unreasonable  to  suggest  that  such  abnormal  periods  of  discharge  could 
correlate  with  hallucinogenic  perceptions,  amnesia,  or  other  psychopatho- 
logic  states. 
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in    chf*.   <?liic3dacion   of   t:Ii<i  r-echanisris   of   s-'tianclc   funcciori    and    rhe    =5-"nar)tic 
ba.si.T    for  dru"  acciori   in    cat.  ncTvous   s"<^c>.'-.      Vh-*    lor;"   ran^e    '^oal   of    ch?. 
inv«;stl<»at:ions   is  an    undirsranri^.n".  of    r'l'    r-ec'^nni  s7-s   of   i-?iironal    co^^-^arj- 
cation,    tlie   cellular  neclianisr.s   i^vol^'■;d    in    l-'arnin'-  and   ^•;.'^.avior ,    an-! 
clu":  developncnc   of   paamacolo'^ic   cools    ro   T-o^iulace    rh.':=-^;t    r"echanisr.;s, 
^uescions   invescit^aced   on   ciu-    function   of   synansas   havr    cv-nct-rc-d   around 
four  najor  areas    (1)    clie  i.iodulacion  of    cransT-.iccpr  release,    (2)    t'le 
srniapcic   concrol  of  poscs\'napr.ic  nenbraue   perreabilitv,'   (3)    che   synaocic 
activation  of  i.ietabolic   s-.'.scens,    and    ('♦)    poPu'^^^la^tic   riodulaclon   of 
s^rnaptic   efficacy. 

I.     ::o;;  i;:  vi^isiiittl?  i;i:L,:As;:  :K)bULAT;:j? 

i)uc.  of  die  innorcant  nechanisns  controllin''  ch£  efficacy  of  cransnission 
at  s-mapses  is  the  nodulatxon  of  transnicter  release.   In  order  to  under- 
stand chi£.   npchanisns  involved,  two  types  of  release  podulation  have  been 
investigated:   (1)  the  role  of  potassiun  in  the  control  of  transnitter 
release,  and  (2)   t!ie  presynaptic  action  of  other  synanses, 

r.ole  of  Potassiun  in  the  Control  of  Transriiccer  Resease: 

.\t  nost  s^mapses  it  is  not  oossible  to  investi'^ate  the  nechanisns  involved  in 
c.hc   nodulation  of  transnitter  release  because  it  is  not  possible  to  record  the 
-leccrical  activity  of  presynaptic  cerninals.   I'ox^ever,  it  is  possible  to  re- 
cord intracp-llularly  in  the  presynaptic  terr.inal  of  the  ":iant  synapse  of  snnid. 
In  collaborative  studies  \ji.th  i)r.  !"..  '".  j.rulkar  (Univ.  of  Tennsylvania) , 
this  preparation  v.'as  used  to  investigate  tlie  nechanisns  involved  in  the 
nodulation  of  transnitter  release,   -he  concentration  of  -xtracellular 
potassiun.  (;0  ions  iras   foumi  to  control  ch''   release  of  transi.:itcer;  for 
e::anple,  increasing  extracellular  IC,  decreases  the  release  of  transnitter. 
This  effect  is  produced  by  chan^^es  in   the  anplJtuile  of  cli'..   prpsTTiaptic 
spike.   In  is  knovrn  fron  the  vork  of  Frankenlvneuser  and  i;od"-k.in  that  I", 
accunulates  around  nerve  fibers  as  rhf  re^ulc  of  rppecitivc  action 
not-:ncials;  this  raiseu;  c\:c   questi.on  \.MiCii-~r  ..  acciinulaci  n^  is  ch-r-   resulc 
of  ^i^^'siolo'Tical  activity  ^.'ould  affect  transn.icf  r  rel-ase.   It  nas  found 
that  ;'-  accunulatinp'  around  clie  posts^Tiaptic  anon,  ns  c'l-    result  off  re- 
■)CtiCiVt.  postsynaptic  actio'i  notecici.als,  f'-criasis  rh-'  r~l-.as£  of  cransr.icc '.r 
fron.  ch"  presynaptic  cer7:ii.nal.   T'iis  na^'  funcr.icn  as  :i  '^-.c:;ainr."  of 
i,-_uronril  ir.t-:f'ration  in  t]i^-   nervous  ;;''st*r'. 

^'odiulacion  of  Transnicter  Ht.1  :ase  bv  c-;-:  ?r'^s-i.'rin'ir:'.c  ,'.cr-'on  of  Oclicr  fvnapses: 
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Transnic'Cr'.r   re.l-;ase  nay  also  br   noikilac-ci   h-"  a    r)r-:\syiia"nrlc   action  of  oc^-er 
si^Tianses.      l,r,    -..    ?ad j  ei;    ''.a^:    inv-:.sr,i"ar.  :.rl    c'lr     rrans'-."' cc'=r5    Ir.volvrf!    3.ri 
-prF-s->TiaTTf-ic   iiihlbiticn   in    chr^  isolaccci    s-iiiial   norf'    oF    fro,".      Up1n",   r^ucrosc 
■]a:i   r-.c.ardi.n'',   lu_   stiulicc'    r.lie  clepolarl^iri;'  accion    of    'i-nicral   anino   acids 
oil    oririar"  afferenc    r. t.r:'.inals  aiul    foiir.d    cliac  lifr.a-alan:;rv-  uad    caurine* 
(jt-T)olarizacioiis   ars  blockfui  by   scrycliTiiuT.,    \7\:cy-:.:\s^,    'W.'.A  d'^polari^arJons  ^ 

are  anr.ar,OTiiz'.".d  hy  picrocoxin.  The  depolarizacion  of  i:irinar3.''  afferencs 
])roduced  i^y  sc3.T-.iilacion  of  lac-;ral  coltinn  or  Jorj-al  roocs  ^s  b,locked  bv 
licrotoxin,  bur.  cliac  produced  i)y  ventral  root  Ptinulacion  is  blocked  liy 
strvcb.niiif" .  'i.b.e  results  suyr-esr  that  nres'-Tiaptic  inliiMtior:  of  nrinary 
afferencs  fror.s  dorsal  roots  or  lateral  colunn  is  x^ediat^d  b}'  GAliA,  \;h?.reas, 
the.  ventral  root   pathvray  is  r.iediaced  by  taurine  or  '-pf-ta-alarine, 

Ti.     ro'^  DH  :r':fj":i:'\  cndTiinL  rosirYbAPTTC  :^-::':j?/:.v:  T'i;r:["AbTLiTV? 

Tn   ord'=r  to    studiv   the    funccS.onal  •nechaTii  srvs   of   svnanSf'..'^    anc    rh^   int^ractioa 
vitb   dru"s,    a  multidicijillnary  approach  has   been   usprl   r.o   id^i'-ntifv   ntn] 
charact^"■.ri?;e   specific   s\Tiantic   natb\7ays,    th'^.   s^maptic   cransr-itters   and 
cbe  nficbanisT.wS   of    cransriitcer  action.      The   s\mpac'np.cic   '".atiplion  of   tht--. 
bullfro"  was   ustd  because  of   a  nnnbtr  of    t:;:r)£rineucal   advanta'^es. 

Idiencificacion  and   Characterization  of    Tpecific    n;;rnaptic   ?achvays,    S^Tiantic 
Transnir.rurs   and   Postsynapcic   Receptors: 

In  anatOTiical   scudies  on   the   r^anp:lion    (in  collaboration  Trlth  Or,    i.. 
'..'eitsen),    prep: an rrl ionic   fibers  that   stain    for  acetvlcholinest^rass 
can   bp.   sctn    to   spiral   around   th-:   axon  hilloc!:  r?-^ion   of   the  neuron 
b^F.fore   cprriinar.ion.      In  the:   electron  Tiicroscone,    ca*-^.  pre-.'^aapionic 
fibers   are,   found   co   ttirninate   on   che   sona  of    r.he  nt'.uron,    a 
situacion  .wiill    suited    for   studying    r.he    perrirabillty   neciianisns    of    clie 
synapses.      \'it"n   iiicracellular  r^corfiin",    t^.'o   typ-:.s   of   neurons   have  been 
identified   xn   tae   ranplioii,    b   Cells   and   C   Cells,     ■ach  type   of   uPiuron 
receives   a   sinr^le  nonosyuaptic  connection   fron  different   pre ean^^l ionic 
fibers.      The   pref^anglionic   fibers   in    thp.   s^Tipathetic   cliain    ^^^mapse  uitli 
b  (^ells,    and   pre'^aapilionic   fibers    fron   che    eiphr.h   nerve    synapse  ijltb   C 
Cells.      Ctinulation  of   these  preyaiuuionic   fibers    elicits    a   fast    excitatory 
posts^-naptic   pocencial    O",?;"-?) .      Adninistration  of   acecylcholine    (ACh)    by 
iontopiioresis   iiiiiics    che    fast   Y.VVV  and   these   Fffeccs   are   blocked  by  uicotinic 
antagonists,    indicatin'^  the  ACh  is    rhe   craps'^:!  tter   accivatin"  nicotinic   nost- 
svnaptic   recepcors.      In   che   presence   of   nicocinj.c   anca'^.onists,    repecici.ve 
scir.ulat3.on   of    ciiR   pre"an"'lionic    fibers   prod.uces   onoosice    types   of   slot.' 
synai)tic    potencials    irs    c'-ie   differeru-    cell    rvpes.       rtiT-ulatxon.   of    me  \^ 

s\nipatb.ecic    cb.ain   produces   a    slo**.'  "CrfT    in   1j    Cells    and    suiru.lation   of    the 
eighth  i-er'/e  produces   a   slo''  inhibitory   POscs;"napcic   nocepcial    ('^".''T')    in 
C   Cells.      .jotb    cb.e   sIot'  :''':"''   and.    ch'^.   slo-.-  T'T^   ur-'   rinicke;]    ■^'   rhe 
ioncopboretic   adninistracion   of   .'.Cb    to    b   and    C    Cells    r^~spectively.      The 
Tiuscarinic  ancat^onisc,    acropine,    blocks    cb.ese    -f feces   indicacin;^  tliac  both 
the   slo\,7  ]\Tr>V   and  the   slow   ir?'.T'  are  nediated   by  ACh  nctivatin.r'  nuscarinic 
receptors. 
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Ii;  acidicior.   co    cae   c'.iolluerTi.c   s^'aansr  s,    cl;-rc   ~a-.'   .il=:o  ''-,£   nav-:r\P-T'^lc 
.'"\'naii,--.r.s!   it!    cii:.    ''an"lic)i.,      '^liior- I'c^T.c;-    h?  =^ror.'u;--i  ■^r  r-"   r--\r--al^    rivir    c'ln 
n-~urniis    ccinr.ijn    a    car.r  ciifil.rn '.•'■  .       ..h--.n'cn].    nral  ""^"'.'^    (col  lai-orarioT-    "Ic:- 
.'",    ''.    r'u-.-\:  .nli'.r)    ::nr'icac;s    ch--    cac -■cliola--:  :■•     :  ■:    -  .-i  rr-.Tiiirinc.      I  Pi.ri^-   ■macros-"', 
"ap   r-'cor^i?!, " ,    aJ"'.^n.' f-Tronoi;   of   cac- c.'io "in- "''^- ■"    ('=;r);T'    in.n'n--,    i  or'-:.nin'-.nr'rln'"- 
aiu!    (icv^aT-ln? ';    "'rou!ic^:=;    a     lyn    rpolar'''".nr.ior;    oT    i-'jr    :;--!;ro'!'^.      r'iar"\ac.olo"-'ic 
aual^'sis;    ii-.:iic-.ar^'.s    ciiac    c'.'.-r-   liy-'-r-xTia-'-^-ai--:  o,:    -^  r    rr  ■ -'.o-jrianf  Iv    c'irou"h    c'nr 
acclvaC7or,   of   alo'-.^  r-_c-rifors,    alc'io.i'''i    ;■:  ca  r-' c-:-iC(ir<^   alpo   concriout-^., 

rir.or- .-^Ct.r.ce    i^ij^coclir.;  ;i.r.cr-"   also   rpv^alo    a    rsrill    ■:'.i!i''^t   of    s:\all    jncFnselv 
^Iuor--.'^C'-T'-C    (.-Tr)    cells  or  cl-.ror-af f in    c:ll'~.    in    r'>--    "an^lion.      In    che 
olpcrroti  rdcroscoT^-". ,    cliesc   rhroriaffin   c^ll?;  .0   "oc    appear    co    aav-    s-"napcic 
connecciops,      ,' Iclioii'^h  a   sTnaPf.ic   par'n/av  -■■^-■:11arrd    Iv   car ^xholaninos  'xn^ 
not   ".'►"CFi  (i-fipic-il-r   ciiaracceri^ed,    rfc-rc    ;5carlir:s    <An<^^'^-^.c    char    a   'i-<^per- 
polarizacion   produced   by  ancxdronic   pri'-iulacion  r-a^'  ]■■•=■.  peniac-^d  bv   a 
cac-_cIiPlaT':iiii.      This   possibility  i?   currerrlv  Ivctp,"   invesri  "aced. 

"■^Tiapcic    i;'ian"d3   of   ^oscsynapcic   'IfibranK   P'^rr^^arxlir":      '"''napcic    >.":'.cl  caclon 

rrsulcs    froii  an    xncrr.as^-d    penaeabilicy   of    c':\^   vosc^^nxaoci r   r.'M\)rar.e   ac   r'osc 
cli-^riicall-'   cransr'.iccinr  synapsEs   cliac   Iipvb   iie-^n   JnvRSci'-acf-t'.      This    aas   also 
bt'.'in   foupd   CO   be   crue   for   cht   fasc   LVV>V   ip    sr^ripath'Ticic    f^ap^liop    cells,   vru:r^': 
chf.    crapsniccer,    .'iCli,   accinf^  on   nicccinic  r?ceprorf:,    jncr'-ases    c.he   nosr- 
^•^'T!a])r.:;  c  pemeabilicy   co   sodiur:  ami   pocassa.ur>  ions.      InvesciTaciop   of    cbe 
slo\:  l^rrr   revealed   char,    ip   concrasc    co    cli-    ipcreased   pemeabilicv   associared 
\jich  oclit.r  l^I'^Ps,    c'.ie   slovj  i,?,-"?   is   fen?racp-d   by   a  ae-creasc.   in  nenbran?. 
perr!ea]}ilicy,      iilaccropbysiolorical   analysis   indicates    chac   chp.  nechanisn 
of   "ene.racion  of   che   sIott  IJTV   is  a  decrease   in    cbe  pemeabilicv  of    che 
neribranc    co   pocassiun  ions.      JJdcausp.  of   rbe   in   vicro   nature   of   the   prep- 
aracion   and    die    fact    chat   the   cransnitrer   is  )-no\vn    to  be  ACh,    ic   has   been 
possible   CO   apply  A(;li  ioncophorp.cicallv  and  change   e::cracellular   pocassiun 
ions   CO   obtain  addicioiial  data   supporcinr   Cais   nechanisn,      Investi'^acion 
of  clie   sloT7   IPrr   has   revealed    cliac   ic    is   also   rrp.nerated   by  a   decrease,   in 
D.enbrane  pemeabl  lity,    in   concrasc   co   tb;''   increased  pernsaliilitv   associated 
vlth  other   I?f;rs,,    blectrophysiolo'^ical   analysis  of    c'.e   slov  T.?C"   indicates 
that   the  decreased   periieabilicy  is  predoripancly   co   sodiun   ions.      The   ion- 
copliorecic   adniniscrarion  of  ACh  and   cTian'^in"   extracellular   sodiur   has 
provided   supportin'^  data   for   this  r'^chanisr-,,      Ther=:   are   1   punber  of 
.quTnjffscions   chac    sii-iilar   slo^;  svnancic   por^^ncialri   ar-    involved   in   other 
parts   of   the  nervous   systeri;    hoT'ever,    !i-cau:5-_   of  various    technical   and 
e::perinental  liriitations,    it    iias  noc   beer,    '->oss3!l-    ro   aderuacelv 
characterxze    chose   nechanisr-R.        .ov   rl-.ar    c'.:-    r--cbar.:.;i:s     'ave     ' -:  cr. 
elucidaced   in    ciiis    s^'sc".,    i.i    '..••.  11   i-     Mfl:',?'-  '    co    inv-.^ci'-ac-    (.'\-    -ol^-cular 
basis   of   ciier-e   syruiTicic   pocencials,    and    c.ie    liic  ^raccions   of   v'.rurs, 

III.     J  1^:'  r^'^.A^Tic;  ACTivii"'  Af:Ti\v;;:  i  ;""'■., bb- t,a"\  ".•..•,_. nbn;  i'Tt;?""? 

Iii   an   accc:"U)t    co   decerr^in--  the  noleculrir  rccbain  s;-;p   ■.nid-rl"in^   chf-   slo\; 
s^mapcic   pocencials,    the   possibility   rhar    cvclic    nucl- or:b:es   nay  act   as 
xiicracellular   second  nessen^'ers   has   '■-  en    lnv--ncl"af -d.      In   collaborative 
''xpf ri-i^ncs  '.deb  .^rs,    f",.    Peczold    and   P.    Cr^en^ard    C^'ale   Univ.),    ic   has  been 
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found    chat  brie.f   sciinulacion   of    che   clioliner^^'c   pr- "aTi-lioin'c   h'Tv-    fibers 
resulcs   ia  a  rapid    iucra.i.st.   In   cyclic    '^•'lanordv.-    ■ 'o:iO'i'ic;.~-)-;aC'     (c^'clic   C/.'V) , 
'.Faea   che.   release,   of   ACIi   i.s   blocked   by   hl~li   i  ;a"ij?'^i  ur/lo^'   calciur:,    or  T.'han 
ciie  niiscarinic   race.pcors   arc  blocked   by   acropini-,    c^'clic   C.'"P   doRS   noc 
IncrsaGe.      Thsse  data  indicate;  'chac   c;:'cl7lc   iT'?   nay  bp.   an    incracellular 
Mediator  of   che  action  of  thfi   synapc:.c    craasr::*  ccc.r,    ACh.      In   addition, 
cyclic   adenosinti  noaophospliate    (cyclic  /CT)    also   ipcriases    in    the    ;^an;^lion 
^Titli   svnajicic   scinulacion.      The   increase   t.h   cvclic   .''^'T   is    also  lilocked 
b^/  hi"h  na,r;ne?;iun/loT.'  calciun,    biic  noc   by   ar-ronlrif^,    ;T.r'"esC?- n'^   chac    che 
increase   in    cyclic  /lI"   i~ay  bn.   relac-.l    co   z'r-:   possi;:l-    racKchola-iIri? 
s^'nanses   chac   ar^.  curr^incly  bf-ir"   iiw-.scx" re -':'..      Th'^sf.    sc'.idi>"'-s    su^-^'^sc 
chat   thfi   s^TLaptic    cransru.cctr   accirv-,  on    poscs'"nnncic   n?:".brar)f    rec»-".pcors 
r\a^T  increase    die  incracellular   conctnr.   of   c;>''clic   nnclt=oci<!e,   viiich,    in 
turn,    re.snlts   in  a   chan.r;?    in   n?ri])ran':':   nerr.p.a^)ili  cv,    c!ins    "Hneratin"  che 
slow  s\maptic   poc^-ncial. 

IV.     CA.;  T;-:;  rosTn^^iAPTTc  :ri:Mi:^\:n;  ;T)n:;kAT::  ■:■:!;  -.yvc'r.^'  of  TivT^isnia: 

'I'ht":  possibility  chac    transi^ission  ac   synapses   can   '55   noihilaced  b^"  posc- 
s;)'naptic  nenbrane  ineclianisns  has   recencly  besn   inv^^-sci'^aced.      It   has 
been  ]ironosed   chac   the   increase   in  ne-branp   rpsi  stance,   durinf'   che    slov7 
s^.mapti.c   potencials  ^jould    be   er^pectfd    to   Increase    rdie   anplicude  of 
fast   s^-Tiaptic   potenti.als,      Ue  testr-.d    cb.js   liypothesis   and    found    that 
the   slow  postsynaptic  decrease  in  neribrane   peniEability   can    d.ncrease 
the   rifficacy  of  transnission  at    s\'napses.      It    is   possible   that    this 
nsiclianisn  nay  be   involved   in   the  cellular  basis   of   learning  and 
behavior. 

FUTURE  PnnfJl-LufS 

The  iirecedinr'   invesci",acions   have  idencified   and    characcerized   specific 
s\Tiapcic  pathv.ravs,    the   synaptic  transr.iitters   and   the  riechanisus   involved 
in  the   s-;maptic  potentials.      The   follovTinf   section  \n  11  brief  1^'  outline 
sone  of    che  projected   future   investif^ations  on   the  nodulation   of   trans- 
rdtter  release,    che  inolecular  mechanisris  of   s\'naptic   pemsability  chancres 
and   the   synaptic  basis   of  druj^  action. 

bliat   are    the  Ilechanisns   Modulating'  Transniccer  Release? 

•)ne  of   tlie   future   invescip;acions   on   the  -'odulacion   of    cransniccer  release 
will   focus   on   cb.e   nechanis;-'.  of  facilicarion   of   cransnitter  release.      It 
is   knoTjn   tb.at    facilitation   at   the   rriant    synapse  of    squid   is   associated 
with  an   increase   in  presynaptic   spike  heirht;    ho'^^ver,    the  -nechanisr-   of 
chat   effect   is  not   knoTm.      The  invesciyacion  will   attempt   to   deternine    rhe 
physical  basis  of  thxs   increase   in   spik.e   anplicude   and  wb.echer   calciur  is 
involved,    since  I^acz   and  Ililedi  have   su'^yesced    rhac    che   scora^te  of   calciun 
in  a   special   "active"    fom  results   in    facilitation.      Also   to   be   invesci- 
'rated,   Tric'ri   resnecc    co   the  nodulation   of    cransniccer   release,    are    the 
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effects  of  ACli,  cacEcholnnints  and  cvclic  uucl'-ctlil- s  or.    r'.ie  r^~.leas'-  nf 
cran5;n±ctt:r  froTi  synaptic  cErr.inals  in  chc   '^^n'.nache.cic    --arr^li-on  atvl  ^'hecher 
ativ  !T<mantic  path^rays  nr.d.iacc  such  cffKCCS. 

Tiiac  is  clie-  "oltcular  l.asrn   of  r^tiapci  c  Chan-^'.s  in   :>:-]5ra;ie  ?ernKabilicv? 

T'l-^-  prinary  clirur.c  of  fucur-:  iiivo.sci"ac- ons  "ill  re  -''n  ai:.c-"-nc  co  rl -.cernin^^ 
c'.ie  nolecular  basis  of  the  svnaptic  chnn-es  in  nostsroiaDCic  "p.n'iranp 
oemeabillcy.   Th£  sr.udd  t-r,  r.'io^.-iT;-  r':nr  '^-nanr^'c  qcinulac-ori  -:ncr-asp<? 
cyclic  nucleocides  in  ch-.    niurons  sii"r'"-c:s  chac  rhf.  c:'clic  Tiiicltocld-:.s 
inav  lie  involved  in  Cue  nictacxon  of  che.  slnr-  synaptic  noccncials.   This 
possibility  is  beinf^  tested  by  adniuistcrin'-  the  cyclic  ivicleotid'^s, 
e::tracellularly  and  intracellularly  by  ionconhoresis,  co  cli>  neurons  and 
detr;minin^  v'hether  tlie  nucleotides  produce  ncnbranR  peri-eahilicy  c'lan^es 
chat  are  identical  co  thos-i  involved  ir  che  "'^neration  of  c'\>>   slo\'  sirnapcic 
potentials.   In  addition,  thr.  invescJ  "atxon  \'dll  include-  a  Tih.ari'acolo'^ic 
analysis  of  piiosphodiesceras.^  inhibicors,  prosraflandins  and  other  n;\ama- 
colofic  a-ents  that  aff:^ct  chc  r^ecabolisu  of  cyclic  rucl-ocides. 

The  nolecular  necb.anisr.  by  \;hich  an  intracellular  cyclic  nucleotide  rd'^ht 
prothice  a  chanf^e  in  nenbrane  perneabilicy  is  noc  ]:no\.Ti ;  hcT'evcr,  Greenrrard 
has  su'ri^'ested  that  the  nucleotide  ni'-ht  activate  a  protein  !;inase  that 
results  in  the  phospiiorylacion  of  a  nrotein,  thus  producing  a  confor- 
national  chanr-e  in  a  nenbrane  protein.   .loUHver,  direct  evidence  supnortin" 
cilia  hypothesis  for  the  nervous  systen  is,  at  prFisenc,  lacl.in'^.   Since 
cyclic  nucleotides  are  activated  by  semantic  stinulation  in  the  "anf^lion, 
it  is  idcall"  suited  for  testing  this  hypothesis.   Plans  have  been  nade  to 
colla])orate  \7ith  Greenyard  to  deternine  if  s;>'naptic  stinulation,  ACh, 
catecholarn'.nes  or  cyclic  nucleotides  vill  produce  this  type  of  protein 
phospiiorylacion. 

Anotlier  possible  nolecular  nechanisn  for  nroducin";  the  synaptic  changes  in 
nenbrane  perneability  is  the  intracellular  translocation  of  calciun  (Ca) . 
.'le.cent  studies  in  ot'tier  neuronal  svstens  indicate  that  che  level  of  ionized 
intracellular  Ca  nay  control  the  nenbrane  perneability  for  potassiim.   Since 
the  sloi;  LPS?  is  due  to  a  decrease  in  potassiun  perneabilicy,  a  change  in 
intracellular  Ca  ni'i-.hc  be  responsible  for  ics  ,'^eneracion.   This  possibility 
c£in  be  tested  by  chanrinrr  Ca  concentration  e::tracellularly  and  intra- 
cellularly, and  deterniuiny  the  effect  on  nenbrane  perneability  and  clie 
r,lo\7   j;Pr.?.   Such  chan.f^es  in  intracellular  Ca  T-'ic^lvc  also  he  relaced  ro 
nediation  bv  cvclic  nucleotides,  since  ic  h.as  !ieen  sur^.ested  that  the  cvclic 
nucleocides  -lay  be  involved  in  che  incrac-llular  concrol  of  Ca. 

'lecetic  invcscirracicns  have  revealed  thac  another  type  of  Tiocencial  is 
generated  in  cht  ^^an^rlion  cells,  a  posc-tecanic  iiyperpolarizacion,  chac 
na"  be  due  co  anotlier  nolecular  nechanisn  -  che  -  lectror^enic  sodiun  (.ia) 
j)unp.   In  future  investif^ations,  we  plan  co  characcerize  chis  phenonenon 
aud  decemine  whether  the  electrogenic  ha  punp  is  involved.   This  v.'ill  be 
narticularly  inportanc  in  relacion  to  ch?  nech.anisn  of  •generation  of  che 
slow  IPS?  and  che  catecholanine  hypernolarizacions. 
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Joes   f'^.Tia'piclc  Acci.vicy   Repulr   in   Lon"   xt-.m  '!ol?cular   (^itaii^ps? 

;'.(»cenc    scuclies    in   oclier  laboracories   Ivave:   sii'^r'escefi    chac    Incre.afiecl   acci.vif' 
in   prefarnrl ionic   affereucs   r.o    syTiT>at:lif.i;ic    '^an'-'ll.a   r'r;'^ulc=^   in    an   increase   in 
the   enz^n,le   cyrosxne  ip'droxylase,      Tlit-.   t-:::peririencs   ar-:    soTie.TTliac   iriclirecc   and 
a  nuii'uer  of  variables  are  not   coacrollfccl.      The    In   virro    .'^yiinaci'.cc.ic    "an^lion 
is   Ic'eally   suiceri   for  a  nore  decailei!   inv*=sc3  "arlnn  of   suc]'>   nlii-TioriRna, 
because    cbf-   nr^'^an'^lionic    fibi-:rs   can   b"    S'-lccrJ vh-'I"   pcinulaf^d  and   che 
ionic  and    ciieTiical   environr^enc   can  be.   nrt-icise.lv  concrollrcl.      If  anoroprf act-. 
collaboracive   arran'^enencs   for   chc  bi.ocbivnir. r.r^'   can   be  \'or^'.ed    out,   '"?.  vill 
luve.'-ti.rac:"-  wb£c!i&r   prolonged    synapr.ic   sci7iulac?'-on  ^n  11   r-nulc   in   tlie 
crans-synapr.lc    induccion  of   cnzvTitr.r.   or  or.be.r  nol'-cul- c^.      Jhis    inv?-?'.cip;acioti 
nay  lead    co   a   ^r»--acK;r   underscaudinp;  of  lon^   CT-rr.  nolecular   chan?:£s   in 
neurons   resiilcinr   fron  synapric   acrivlcy, 

bliac   is    cb.f-   rb'napcic   IJasis  of   rs^'cbocronic    .)ru"  Act-' on? 

Ill  vic\,'  of    cb      pr--Cidin'^   a.ufornacion    oa   Si'lc^crlv^"    Tvriapr.'Jc   pacb\"a^'s   ■'.n' cb 
b.no'.ti    syn;i|)clc   ; ;f:cbanisns ,    \:~-   cr-'.   In    an    idr.al    :io.^icion    ^or    -valaacM"    c^ir. 
ir'iiaiir.i.c   b;i?<"l5-.   o^   dru";   accj'ons,      ''f   parrlciilar   n-^l'-'vanc;    ar"    rbi-'    nccioii?.: 
of  v.irious    pt-ychocroT'ic  a"--ncr>   ust-d    in    r.]\-.    clxni.cal    cr-:.T'vixic   of    psyc'-.cs's 
and   dt;or-;'-:5s;.on.      For    c.::anple,    lic'ii'^v.    (bi)  ,    u?'-:d    in    c!'~    f-rt  a  cr- -it;  c   of    '.".anic- 
denr-  .ssJVF.    iin^'cbiosis,    has   bft'?n    found    co    Sr:!"- ccj  v- 1;"   bloc!:    cb-:.    slov   TT'S'T', 
;;uc  ci<)-;s  nor.   aff*'-cr    rdu:    fasc   or   slo'.'  ..?;'T~.      ;b:   ::.ri   rurr^^ncl^:^   i[.V':-sci..f'ac:'*n,'~ 
cb'.   iiHcIiariisT     of    c't-.is    s-'ileccxve   licbi.un   accio:;.      '.'=-   also    plan    co    cn^c   ocber 
ps'"'cboc.ieran-".uuxc   druf^s    such   as    plimocbj  aziri-:s    ancJ    cri-cr'ciic    axici— 
d-:.orp,ssancs.    In    an   acceriiic    co   d',-.c  criiiiie  -(jhccbcr   rbt-.y   i  :a\'   ncc    by   :'rc!ianis:i;T 
sue::   as:      r.odulacnn"    cransr.lcc'ir   release,    lilocbin"    cb"-    accion   of  a    crans- 
ruccf-r  OP    poscs^Tlancic  receiicors,    alcwrln"   cbt-.  "e'-^brans    p^-rncabilitv 
cbanpes   iVrocbiced   by  receptor  accivati.on  or  affecci.n'^   ■incracir.llular  nolecular 
jjathx/ays, 

(.Kvxuisinyr; 

Tbo    rirtci^dxn"    sunnary   indicates    cbac    funrbanencal    :;Eurobiolo".ical    invesci- 
rations   bav-^   r'.vsalad  defined   S3'napcic   pachi'a;>'s    cb.ar   biavt--   n^-.rritted 
■ilucidacion   of   sorii^   neclianisns   of   synaTcic   rrar, STi^.ss5on   and   synaptic 
nodulac^on.      Fucb    c  =  sr    syscsns  vill  be    us'-^d    ti:    fucur'-'   inv^-.sciparions 
CO    acrenpc    co   d-iCPrTii.ne   cb':".   nolecular   npcb.anis^-s    r-'.nvolved    In    ch^'.    s-.iian- 
tic   control  of   nenbranE  perneabilicy,    cVif-    synanclc   basis    ■''or  d.ru,': 
actions   in    cr.c  nervous   sysctn,    and    possJbl--.   c-llular   r-fM^bnnisnr- 
iiivolved   in    leartiin"  and  behavior. 
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lABORATORY  OF  PREXILINIC2U:i  PHARMACOLOGY 
CHIEF:  E.  Costa,  M.D. 

During  the  past  year  the  laboratory  has  taken  a  multidisciplinary  approach 
for  studying  neuronal  events.  We  have  considered  transfer  of  information  from 
one  neuron  to  another  as  a  continuum  of  biochemical  processes.  The  processes 
have  been  considered  individually  and  in  relation  to  each  other. 

The  initial  event  for  neutotransraission  is  the  release  of  transmitters 
from  nerve  endings.  Neiirons  that  are  activated  form  more  transmitter  than 
when  they  are  not  activated.  Thus,  of  prime  irtportance  is  to  establish  which 
neuronal  systems  are  activated  and  which  are  not  during  a  particular  situation. 
To  this  end,  our  laboratory  has  continued  to  refine,  siirplify  and  ej5)and 
our  ability  to  identify  neuronal  systems  that  are  activated  in  vivo.  Vie   now 
have  the  capacity  to  study  the  turnover  rate  of  acetylcholine,  serotonin, 
gainta-aminobutyric  acid  (GABA)  and  the  catecholamines  in  discrete  nuclei  of 
rat  brain.  Our  studies  have  revealed  that  the  various  neuronal  systems  inter- 
act with  each  other  and  that  drugs  can  activate  parts  of  a  single  neuronal 
system. 

Neurotransmitters  inpinge  on  receptors  and  initiate  a  response.  As  our 
prime  model  of  a  receptor  system,  we  have  studied  the  splanchnic  nerve- 
adrenal  medulla  in  vivo.  Our  studies  have  revealed  that  the  initial  event 
of  neurotransmitter  receptor  interaction  is  rapid  accumulation  of  cyclic 
3' ,5 '-adenosine  monophosphate  (cAMP)  within  the  medulla  following  activation 
of  adehylate  cyclase.  The  accimulation  of  cAMP  triggers  subsequent  events 
vdiich  are  apparently:  release  of  a  protein  vdiich  activates  phosphodiesterase 
and  decreases  the  level  of  cAMP;  this  same  activator  may  reduce  the  respon- 
siveness of  adenylate  cyclase  to  subsequent  activation  by  additional  neuro- 
transmitter; activation  of  protein  kinase  and  the  migration  of  the  catalytic 
unit  of  the  enzyne  to  the  cell  nucleus;  phosphorylation  of  chromosomal  pro- 
tein by  the  translocated  protein  kinase  and  the  derepression  of  chromatin 
v*aich  initiates  synthesis  of  mRNA  and  the  subsequent  synthesis  of  tyrosine 
hydroxylase.  This  model  is  providing  valuable  insight  into  the  moleciolar 
events  that  occur  within  neuronal  systems  and  it  is  providing  the  basis  for 
developing  new  drugs  that  might  be  useful  for  treating  mental  disorders. 

IVbnoamine  oxidase  plays  a  key  role  for  the  inactivation  of  the  biogenic 
amine  transmitters.  Work  from  our  laboratory  has  demonstrated  that  it  is 
possible  to  distinguish  two  forms  of  the  enzyme  by  pharmacological  methDds 
and  that  these  enzymes  can  be  blocked  independently  with  drugs.  T^pefully, 
these  observations  will  lead  to  a  better  understanding  of  the  antidepressant 
activity  of  manoamine  oxidase  inhibitor  drugs  and  to  the  fundamental  bio- 
chanical  abnormality  in  depression. 

As  part  of  our  mission  as  a  laboratory  of  preclinical  pharmacology,  we 
have  studied  hDW  drugs  change  the  biochemistry  of  several  neuronal  systems. 
The  classes  of  drugs  studied  were  the  antipsychDtics,  minor  tranquilizers 
and  opiates.  Our  studies  clearly  demonstrate  that  drugs  can  influence 
different  parts  of  the  same  neuronal  system  in  different  ways.  These  studies 
are  described  in  the  subsequent  reports  by  the  sections  of  the  laboratory. 
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Section  on  Neijroendocrinology  (Chief:  A.  Guidotti) 

During  the  past  year,  the  goal  of  the  section  VTas  to  ijnderstand  how  anti- 
psychotics, tranquilizers  and  opiates  irodify  tyrosine  hydroxylase  activity, 
and  to  provide  fundamental  inforrtation  on  the  nnolectilar  events  that  oontix)! 
the  activity  of  this  enzyme. 

Effect  of  antipsychotic  drugs  on  dopaminergic  neurons 

Support  for  the  involvement  of  catecholamines  in  the  etiology  of  mental 
disorders  comes  from  the  finding  that  drugs  that  block  dopamine  receptors  re- 
sult in  syirptomatic  relief  of  psychiatric  disorders.  All  antipsychotic  drugs 
increase  the  firing  rate  of  neurons  that  innervate  the  striatum  and  nucleus 
accumbens  and  accelerate  the  rate  of  formation  of  dopamine  in  these  struc- 
tures. Tyrosine  hydroxylase  is  the  rate-limiting  enzyme  for  dopamine  bio- 
synthesis. Wfe,  therefore,  investigated  the  action  of  neuroleptic  drugs  on 
the  kinetic  properties  of  tyrosine  hydrojQ^lase . 

Dr.  B.  Zivkovic  found  that  the  kinetic  properties  of  tyrosine  hydroxylase 
of  striatum  and  nucleus  accumbens  changed  in  rats  after  they  received  neuro- 
leptic drugs.  The  affinity  of  tyrosine  hydroxylase  for  the  pteridine  oo- 
f actor  increased  v^le  the  affinity  for  the  si±)Strate,  tyrosine,  was  un- 
changed. Tyrosine  hydroxylase  is  not  saturated  with  the  pteridine  cof actor 
during  steady-state  conditions,  thus  an  increase  of  the  affinity  of  the 
enzyme  for  cof  actor  should  lead  to  an  increase  of  the  synthesis  of  dopamine. 
Drs.  Zivkovic  and  Revuelta  found  that  there  is  a  direct  correlation  between 
the  ability  of  antipsychotic  drugs  to  increase  dopamine  synthesis  in  the 
striatum  and  nucleus  accunibens  and  their  ability  to  increase  the  affinity 
of  the  enzyme  for  the  pteridine  cof  actor.  The  antipsychotic  drugs  that 
have  a  low  liability  for  inducing  tardive  dyskinesia  appear  to  act  primarily 
on  the  enzyme  of  nucleus  accumbens,  v*iile  those  with  a  high  incidence  of 
side  effects  act  preferentially  on  striatum.  Dopamine-containing  nerve 
terminals  in  striatum  synapse  with  intrinsic  cholinergic  intemeiirons .  Ihe 
lack  of  activity  of  some  antipsychotic  drugs  on  the  tyrosine  hydroxylase  of 
the  striatum  may  be  due  to  their  anticholinergic  activity. 

There  are  GABA-containing  neurons  that  project  from  the  stria tim  to  the 
substantia  nigra.  Activation  of  striatal  tyrosine  hydroxylase  by  antipsy- 
chotic drugs  oould  be  mediated  by  a  reduced  release  of  GABA,  an  inhibitory 
transmitter,  at  the  substantia  nigra  thus  ccarpleting  a  neuronal  feedback 
loop.  In  line  with  this  hypothesis.  Dr.  Gale  shovred  that  intranigral  in- 
jection of  muscirrol,  a  GABA-mimetic  coitpDund,  blocked  the  activation  of 
tyrosine  hydroxylase  in  the  striatum  induced  by  treatment  with  the  anti- 
psychotic drug,  haloperidol.  Ihe  effect  of  muscimol  could  be  reversed  by 
treatment  with  the  GABA  receptor  blocker  bicuculline. 

Biochemical  pharmacology  of  minor  tranquilizers 

The  mode  of  action  of  the  benzodiazepines  is  ijnknown.  Drs.  Biggio,  Mao 
and  Naik  found  that  benzodiazepines  like  moscimol  and  nipecotic  acid,  GABA 
mimetic  coitpounds,  delayed  the  onset  of  isoniazid- induced  convulsions  but 
did  not  protect  the  animals  against  picrotoxin-  or  strychnine-induced  oon- 
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vulsions.  Moreover,  diazepam  and  inusciinDl  prevented  the  increase  of  cere- 
bellar cyclic  3',5'-guanosine  rtonofiiosphate  (cOIP)  and  pituitary  cAMP  in- 
duced by  isoniazid,  picrotoxin,  or  strychnine.  These  data  suggest  that 
the  pharitacological  action  of  the  benzodiazepines  may  be  mediated  by  an 
effect  on  the  GABA  system. 

Dr.  Biggio  has  studied  the  role  of  GABA.  neurons  on  the  regiiLation  of 
cerebellar  function.  Cerebellum  contains  a  unique  GABA  inhibitory  system 
that  modulates  two  excitatory  pathways,  the  mossy  parallel  fiber  system  and 
the  cliirbing  fiber  system.  Increase  of  cerebellar  cC3yiP  content  v/ithout 
changes  of  cAMP  results  after  chemical  stimulation  of  climbing  or  mossy 
fibers.  Lesioning  the  clinijing  fiber  system  with  S-acetylpyridine  blocks 
the  increase  of  cGMP  produced  by  harmaline,  a  selective  activator  of  the 
olivD-cerebellar  pathway,  but  the  lesion  does  not  reduce  the  increase  of 
cQyiP  produced  by  glutamic  acid,  a  putative  excitatory  transmitter,  nor 
change  the  response  to  isoniazid,  a  drug  that  decreases  GABA  levels.  These 
results  suggest  that  two  excitatory  transmitters  released  by  the  parallel 
or  climbing  fibers  are  independently  involved  in  modulating  the  cOVIP  con- 
tent of  the  cerebellum. 

Biochemical  pharmacology  of  opiates 

Drs.  Racagni,  Revuelta,  Carenzi  and  Biggio  have  shown  that  analgesic 
doses  of  morphine  and  viminol  R2  increase  striatal  dopamine  turnover  rate. 
This  increase  does  not  appear  related  to  an  increase  in  the  firing  rate  of 
dopaminergic  neurons  nor  to  stimulation  of  postsynaptic  dopaminergic  re- 
ceptors. Morphine,  viminol  R-  and  azidomorphine  increase  cOIP  in  striatum 
and  nucleus  accunbens  but  not  in  the  cerebellum.  The  changes  of  cGMP  in 
striatum  and  nucleias  accumbens  w=a:e  blocked  by  naloxone.  Thus,  activation 
of  a  cGMP  system  might  represent  a  specific  postsynaptic  response  following 
the  interaction  of  the  opiate  receptor  with  its  agonist.  Vfe  are  presently 
evaluating  whether  the  putative  pain  transmitter  "enkephalin"  will  alter 
cOVIP  systems  of  brain  as  well. 

MoleciiLar  mechanisms  in  the  trans-synaptic  control  of  protein  synthesis 

Drs.  Kurosawa  and  Szmigielski  have  shown  that  in  chroitaffin  cells  of 
adrenal  medulla  the  following  sequence  of  moleciiLar  events  occur  in  response 
to  activation  of  the  splanchnic  nerve:  an  increase  of  the  cAMP  concentration; 
activation  of  cytostolic  cAMP-dependent  protein  kinase;  translocation  of 
the  low  molecular  weight  si±)unit  of  protein  kinase  from  the  cytosol  to  the 
nuclear  fraction;  and  induction  of  tyrosine  hydroxylase.  Transection  of 
the  splanchnic  nerve  after  the  increase  of  cAMP  has  occ\jrred  and  the  cytosol 
protein  kinase  has  been  activated  and  translocated  to  the  nucleias  prevents  the 
induction  of  tyrosine  hydroxylase.  Evidently,  an  intact  neuronal  system  is 
required  for  the  molecular  events  to  proceed  to  induction  of  tyrosine  hydroxy- 
lase. 

Dr.  Hanbauer  (Hypertension  Endocrine  Branch,  Section  of  Biochemical 
Pharmacology,  National  Ifeart  and  Lung  Institute,  Bethesda,  Md. )  has  shown 
that  at  least  three  types  of  receptors  (beta-adrenergic,  nicotinic  and 
corticosterone  receptors)  are  involved  in  the  trans-synaptic  indioction  of 
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tyrosine  hydroxylase  xn  rat  superior  cervxcal  ganglion.  In  addition.  Dr. 
Hanbaiier's  research  suggests  that  an  altered  cAMP/cOyiP  cx)ncentration  ratio 
nay  be  a  part  of  the  second  messenger  response  to  stimulation  of  the  different 
receptors. 

Section  on  Molecular  Pharmacodynamics  (Acting  Chief:  D.  L.  Cheney) 

Control  of  central  cholinergic  function  (- 

The  development  of  mass  fragmentography  and  focussed  microwave  irradiation 
equipment  for  rapidly  inactivating  enzymes  of  brain  has  allowed  us  to  measure 
the  acetylcholine  (ACh)  content  of  various  brain  nuclei.  We  now  have  a 
clear  understanding  of  the  location  of  inportant  cholinergic  pathways  in 
brain.  By  combining  this  infoinnation  with  electrophysiological  and  anato- 
mical information  we  have  developed  a  paradigm  to  study  how  transmitters 
modify  the  metabolism  of  ACh  stored  in  synaptic  elements.  One  of  our  long 
range  goals  is  to  describe  the  profile  of  neuropharmacological  drugs  in 
terms  of  their  action  on  the  cholinergic  system. 

In  addition  to  measuring  the  steady-state  concentration  of  ACh,  we  can 
estimate  the  turnover  rate  of  ACh  in  different  nuclei  of  rat  brain.  This 
is  accoitplished  by  measuring  the  change  with  time  of  ACh  and  choline  labeled 
with  stable  or  radioactive  isotopes.  ACh  and  choline  are  labeled  by  constant 
rate  infusion  of  radioactive  or  deuterated  phosphorylcholine .  The  radio- 
active or  deuterated  labeling  procedure  is  selected  according  to  the  sen- 
sitivity required  for  the  analysis,  the  deuterated  choline  method  being  the   i 
most  sensitive.  With  turnover  rate  information,  it  is  possible  to  coitpare 
and  evaluate  the  effect  of  drugs  on  various  brain  areas. 

The  turnover  rate  of  ACh  in  various  areas  of  rat  brain  was  studied  after 
treatment  with  narcotic  analgesics.  Areas  for  study  were  selected  after  con- 
sidering their  content  of  opiate  receptors.  Dr.  Zsilla  found  that  narcotics 
decrease  the  turnover  of  ACh  in  hippocaiipus  and  cortex  but  not  in  striatum. 
The  striatum  contains  the  highest  concentration  of  opiate  receptors,  thus 
suggesting  that  there  is  no  direct  correlation  between  density  of  opiate  re- 
ceptors and  capacity  of  an  analgesic  to  lower  ACh  tiimover  rate.  Striatal 
ACh  turnover  rate  was  lonaf fected  by  narcotics  even  at  doses  TA^iich  were 
cataleptic . 

Dr.  Zsilla  also  shcf^^d  that  GABA  agonists,  muscimol  and  diazepam,  decrease 
the  turnover  rate  of  ACh  in  midbrain  and  cortex  but  not  in  striatum  and 
hippocanpus ,  suggesting  that  GABA  neurons  modulate  ACh  turnover  in  some 
regions  of  the  brain. 

Dr.  Racagni  has  demonstrated  that  tissue  ACh  content  is  not  a  reliable     ^ 
measure  of  the  dynamic  state  of  ACh  stores.  The  concentration  of  ACh  in  a 
tissue  has  been  proposed  as  a  measure  of  turnover  by  other  laboratories. 
He  found  that  although  dopamine  agonists  and  antagonists  altered  the  ACh 
content  after  decapitation  they  did  not  alter  the  ACh  content  following  micro- 
wave radiation.  Furthermore,  triheiQ^lphenidyl  decreased  the  striatal  ACh 
content  without  chianging  the  turnover  rate  of  ACh.  Moreover,  by  measuring 
the  turnover  rate  in  discrete  nuclei  of  the  rat  brain,  he  could  find  no 
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cxjrrelation  -between  the  concentration  of  ACh  in  a  given  nucleus  and  the 
dynaitac  state  of  the  transmitter.  Hippocaitpus ,  for  exaitple,  had  a  high 
turnover  rate  and  a  low  ACh  content.  Striatum  and  nucleus  accumbens,  on  the 
other  hand,  had  equal  concentrations  of  ACh  but  the  turnover  rate  in  striatum 
was  twice  that  of  nucleus  accumbens. 

Using  gas  chromatography-mass  spectrometry  techniques.  Dr.  Racagni  has 
measured  the  turnover  rate  of  ACh  in  isolated  rat  brain  nuclei  following 
the  administration  of  irorphine  His  results  not  only  substantiate  other 
studies  from  this  section  using  much  larger  brain  regions  but  have  allowed 
the  detection  of  differences  in  the  control  of  nucleus  accumbens  and  caudate 
ACh  turnover  rate  by  opiate  receptors. 

The  turnover  rates  of  GABA  in  nuclei  of  brain 

Drs.  Mao  and  Marco  have  studied  the  turnover  rate  of  GABA  in  discrete 
rat  brain  nuclei.  They  losed  a  mass  fragmentographic  technique  and  experi- 
mental design  recently  developed  by  Drs.  Bertilsson  and  Mao.  Uniformly 
labeled   C-glucose  is  infused  intravenously  to  label  glutamic  acid  which, 
in  turn,  is  converted  to  GABA.  Based  on  the  change  of  ^^C  incorporation 
into  glutamate  and  GABA  with  time,  GABA  turnover  rates  can  be  estimated. 
They  found  that  GABA  turnover  rate,  in  substantia  nigra,  striatum,  globus 
pallidus  and  nucleus  accunbens  range  between  240-300  nitol/g/hr.  GABA  re- 
ceptor agonists  and  antagonists  were  able  to  change  selectively  GABA  turn- 
over in  some  brain  nuclei  and  not  in  others.  For  exanple,  muscirtol,  a 
potent  GABA  receptor  agonist,  reduced  GABA  turnover. 

Section  on  Biochemical  Pharmacology  (Chief,  N.  H.  Neff) 

Research  has  been  centered  aroiand  three  major  areas:  1)  The  control  of 
biogenic  amine  formation;  2)  the  fate  of  the  biogenic  amines;  and  3)  the 
biochemical  consequences  of  activating  neuronal  receptors. 

The  control  of  biogenic  amine  formation 

Dr.  Garrison  in  collaboration  with  Dr.  Karoum  (Laboratory  of  Clinical 
Psychopharmacology)  have  succeeded  in  studying  the  influence  of  preganglionic 
chDlinergic  neurons  on  dopamine  metabolism  in  rat  superior  cervical  ganglion. 
Dopamine  is  found  in  SIF  cells  and  its  release  may  modulate  slow  inhibitory 
postsynaptic  potentials.  3,4-Dihydroj<yphenylacetic  acid  (DOPAC)  was  found 
to  be  the  major  metabolite  of  dopamine  in  ganglia.  By  conparing  ganglia 
from  normal  animals  with  ganglia  from  decentralized  animals  they  established 
that  cholinergic  input  stimulates  dopamine  formation.  Moreover,  they  found 
that  unilateral  decentralization  increases  the  formation  of  dopamine  in  the 
intact  ganglion  suggesting  that  the  normally  innervated  ganglion  assumes  sane 
of  the  functions  of  the  decentralized  ganglion.  They  also  established  that 
the  superior  cervical  ganglia  contains  a  transport  system  for  catechol  acids 
that  can  be  partially  blocked  by  treatment  with  probenecid. 

Dr.  Galli  has  assumed  many  of  the  responsibilities  formerly  held  by  Drs. 
Koslow  and  I^Fevre  for  continuing  our  programs  on  the  gas  chromatographic- 
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18  .     •    ( 

wass   spectrometxic  analysis  of  the  incorporation  of   0^  into  the  biogenic  \ 

amines.  In  the  short  tine  that  he  has  been  with  our  laboratory  he  has  made 
great  strides.  By  analyzing  past  studies  he  has  suggested  procedural  modi- 
fications v^iich  will  allow  rats  exposed  to  an  atmosphere  of   O2  to  incor- 
porate more  of  the  stable  isotope  into  their  biogenic  amines.  Dr.  Galli 
has  advanced  our  understanding  of  dopamine  formation  in  brain  by  developing 
a  mass  fragmentographic  procedure,  for  estimating  3-methoxytyramine .  By 
placing  rats  in  an  atmosphere  of   0^  and  killing  them  one  hovoc   later  he  has 
established  that  significant  quantities  of  -'-^O-dopamine  are  converted  to     > 
I80  a-iTEthoxytyramine .  These  studies  suggest  that  3-methoxy-4-hydroxyphenyl- 
acetic  acid  (HVA)  can  be  formed  from  3-methoxytyramine  as  well  as  from  DOPAC 
during  steady- state  conditions. 

Dr.  Garrison  studied  the  possible  isotope  effects  of  various  deuterated 
analogues  of  choline  on  the  enzymes,  choline  acetyl  transferase  and  cholines- 
terase.  Analogues  with  as  many  as  nine  atoms  of  deuterium  were  evaluated. 
None  of  the  analogues- significantly  altered  the  kinetics  of  the  enzymatic 
reactions.  These  observations  lend  support  to  the  notion  that  deuterated 
choline  is  a  reliable  isotope  to  administer  to  animals  for  studying  the 
formation  and  fate  of  ACh  in  vivo. 

The  fate  of  the  biogenic  amines 

Dr.  Fuentes  in  collaboration  with  Ms.  Jane  Seaborg,  an  undergraduate 
at  Arrerican  University,  has  continued  studies  of  the  monoamine  oxidases  of 
nerve  tissue.  They  found  that  there  is  apparent  correlation  between  the     / 
type  of  monoamine  oxidase  found  in  a  nerve  and  the  type  of  amine  that  the    " 
nerve  contains.  Type  A  enzyme  is  associated  with  nerve  tissues  that  con- 
tain type  A  substrates.  For  exaiiple,  vagus  nerve  vAiich  contains  little  or 
no  A  substrates,  has  the  lowest  type  A  monoamine  oxidase  activity  v^iile  the 
siperior  cervical  ganglion,  which  is  rich  in  the  type  A  si±)strate,  norepi- 
nephrine, has  the  highest  type  A  enzyme  activity  of  the  tissues  evalijated. 
Brain  had  relatively  high  type  B  enzyme  activity  suggesting  that  it  may 
also  contain  high  concentrations  of  type  B  substrates. 

Recently,  Ms  Seaborg  prepared  soluble  monoamine  oxidase  which  contains 
type  A  and  B  enzyme  activity.  TMs  is  a  necessary  first  step  for  isolating 
and  characterizing  the  enzyrres. 

Dr.  Karoum  has  established  that  3-^nethD3cy-4-hydrojQTtandelic  acid  (VMA) 
is  a  minor  metabolite  vAiereas  3-methoxy-4-hydroxyphenylglycol  (MHPG)  is  a 
major  metabolite  of  norepinephrine  in  brain.  IVbreover,  he  found  that  VMA 
is  transported  fron  braixi  by  a  system  that  is  not  blocked  by  probenecid.  The 
distribution  of  VMA  follows  in  parallel  with  MHPG,  with  concentrations  rang-  . 
ing  between  1-8  percent  of  MHPG. 

In  another  series  of  stiadies.  Dr.  Karoum  established  that  DOPAC  is  the 
major  metabolite  of  dopamine  in  brain  with  various  regions  of  brain  producing 
between  2-5  times  more  DOPAC  than  HVA.  HVA  accumulated  after  treatment  with 
probenecid  but  the  accumulation  was  not  enough  to  account  for  the  HVA  formed 
in  brain.  These  studies  suggest  that  clinical  studies  based  on  HWA  accumula- 
tion in  human  spinal  fluid  after  treatment  with  probenecid  should  be  inter-  { 
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preted  cautiously i,  as  Si®,  rffxresents  a  mircr  metabolite  of  dopamine  in  brain. 

The  biOGhaaical  oonses^jiences  of  activating  neuronal  reoeptors 

D!r=  OleshansJcy  found  that  c3tf^  increased  in  rat  pineal  after  a  single  dose 
of  isoprotexenol,  but  not  after  a  second  dose  of  isoproterenol «  Ife  discovered 
tMt  the  yxcst.  probable  reason  for  the  tolerance  to  the  second  dose  was  that 
cftMP  phosptodiesterase  was  increased  and  adenylate  cyclase  activities  de- 
creased in  pineal  after  a  single  dose  of  the  drugo  iMs  study  has  provided 
insight  into  the  mechanism  that  might  be  involved  in  tolerance  to  some  drugs 
that  are  used  repeatedly = 

Dro  Quenzer  observed  tiriat  cholera  enterotoxin  injected  into  the  substantia 
nigra  activates  adenylate  cyclase  in  the  ipsilateral  striatum  but  not  in  the 
contralateral  striatumo  Increased  basal  activity  was  observed  24  hrs  after 
treatment  and  it  lasted  for  more  than  seven  days.  At  24  hrs  the  dopamine- 
sensitive  adenylate  cyclase  of  the  contralateral  striatum  was  normal  and  it 
remained  normal  during  the  seven  days  studied.  Concomitant  with  activation 
of  basal  adenylate  cyclase  activity  was  increased  motor  activity,  vMch  was 
nanifested  by  t^HmiJlg  contralateral  to  the  injection  site. 

Dro  Galli  determined  that  dopamine  metabolism  was  apparently  activated  on 
the  injected  side  of  the  brain.  That  is,  the  concentration  of  HVA  and  DOPAC 
were  elevated  vAiile  the  concentration  of  dopamine  appeared  norrtBl. 

Presently,  there  are  no  procedures  for  producing  long  term  activation  of 
neuronal  systems  in  braino  J^parently,  cholera  toxin  injected  into  specific 
regions  of  brain  can  be  used  for  such  purposes  „ 

Section  on  Mplecular  Neorcbiology  (Acting  Cheif  g  E.  Costa) 
RegiiLation  of  phosphodiesterase  and  adenylate  cyclase  by  a  protein  activator 

Drs.  Uzunov,  Giegy,  Revuelta  and  Mr.  Lehne  studied  the  regulation  of  the 
activities  of  adenylate  cyclase  and  pihosphDdiesterase  by  an  endogenous  pro- 
tein activator  o  ^^jparently,  the  protein  activator  is  an  essential  part  of 
the  sipramolecxilar  structure  of  adenylate  cyclase  and  participates  in  the 
enzyme  activation  by  specific  hormones  and  neurotransmitters.  The  trans- 
location of  this  protein  from  the  plasma  membrane  to  the  cytosol  in  response 
to  receptor  stimulation,  activates  the  high  Kn  phosphodiesterase  and  in- 
creases the  metabolism  of  cAMP,  The  endogenous  protein  activator  may  control 
the  concentration  and  duration  of  action  of  cAMP  at  its  receptor  site. 

Drs.  Qiegy  and  Uzunov  found  that  the  protein  activator  is  associated  with 
the  synaptoscmal  subcellular  fraction.  The  activator  is  released  frcan 
plasma  membranes  by  a  specific  cAMP  dependent  phosjiiorylation  of  its  binding 
site.  Dr.  Gnegy  has  sticmn   that  the  release  of  activator  into  the  cytosol, 
viiere  it  activates  the  high  Kn  phosphodiesterase,  is  the  first  key  event  in 
the  process  of  regulation  of  cAMP  metabolism. 

Using  a  membrane  preparation  from  rat  caudate  nucleus.  Dr.  Uzunov  demon- 
strated that  the  depletion  of  activator  f  rem  the  membranes  by  a  cAMP-depen- 
dent  phosphorylation  did  not  change  the  basal  adenylate  cyclase  activity; 
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however,  it  sharply  depressed  the  enzyme  activation  by  the  specific  agonist 
dopamine  and  nonspecific  stimulants  NaF  and  guanyl-5'-yl  imidodiphosphate. 
i^parently,  the  release  of  activator  from  the  menibrane  terminates  the  second 
itessenger  response  by  inhibition  of  adenylate  cyclase  and  by  activation  of 
phosphodiesterase.  The  activator  may  play  a  role  in  receptor  sub-  and 
supersensitivity. 

Dr.  Revuelta  demonstrated  that  protein  activator  was  released  from  homD- 
genate  vdien  neurotransmitters  increase  cftMP.  Moreover,  release  of  activator 
by  neurotransmitters  was  blocked  v^en  antipsychotic  drugs  \i\Ere  present  in 
the  homogenates. 

Mr.  Lehne  studied  the  inhibition  of  the  high  Kn  piiosphodiesterase  by 
benzodiazepines  v^en  the  enzyme  was  either  saturated  with  activator  or  free 
of  activator.  He  demonstrated  that  sawa  benzodiaz^ines  were  more  potent 
inhibitors  vAien  phosphodiesterase  was  activated  by  the  protein.  Selective 
inhibition  of  the  activated  phosphodiesterase  might  be,  in  part,  a  basis  for 
the  pharmacological  activity  of  the  benzodiazepines. 

The  pharmacology  of  Substance  P 

Drs.  Yang  and  Hong  developed  a  sensitive  radioimmunoassay  irethod  for 
measuring  Si±>stance  P  in  brain.  Substance  P  was  found  to  be  highly  localized 
in  si±istantia  nigra,  interpedunciiLar  nucleus,  hypothalamus  and  habenula. 
According  to  other  investigators,  v^X)  have  used  an  irtinunohistochemical  tech- 
nique. Substance  P  positive  cell  bodies  are  only  found  in  the  medial  habenula 
in  rat.  Drs.  Yang  and  Hong  are  new  in  the  process  of  elucidating  the  path- 
way of  Substance  P-containing  neurons  in  the  brain  by  lesioning  the  habenula. 

Substantia  nigra  was  found  to  contain  the  highest  concentration  of  Sub- 
stance P  of.  all  the  brain  areas  studied.  The  jiiysiological  role  of  Substance 
P  in  the  striatal-nigra  pathway  is  being  evaltiated  by  studying  the  regulation 
of  the  turnover  of  Si±»stance  P  in  substantia  nigra. 

Multiple  molecular  forms  of  phosEJioprotein  phosphatase 

Drs.  Yang  and  Hong  have  found  two  forms  of  phosphoprotein  phosphatase  in 
pineal  gland,  a  high  and  a  low  molecular  wei^t  form.  Conversion  of  the 
high  molecular  weight  form  to  the  low  molecular  weight  form  is  accoitpanied 
by  a  marked  increase  of  enzyme  activity.  The  possibility  that  the  low  mole- 
cular weight  form  may  represent  the  catalytic  si±iunit  of  the  high  molecular 
weight  form  is  a  subject  for  further  investigation,  particularly  in  terms 
of  the  possible  regulation  of  the  enzyme. 

The  mechanism  for  the  trans-synaptic  induction  of  tyrosine  hydroxylase 

Drs .  Chuang  and  Hollenbeck  continued  their  investigation  on  the  mechanisms 
for  the  trans-synaptic  induction  of  tyrosine  hydroxylase  in  rat  a.drenal 
mediiLla.  They  demonstrated  that  the  increased  synthesis  of  tyrosine  hy- 
droxylase during  trans-synaptic  induction  is  mediated  by  an  activation  of 
nuclear  actd.vity  to  produce  poly  A  RNA  v*iich  contains  iriRNA.  Increased  syn- 
thesis of  mRNA  precedes  t±ie  enhanced  synthesis  of  tyrosine  hydroxylase  but 

134 


follows  the  translocation  of  a  protein  kinase  from  the  cytosol  to  the-nix3leus= 
PtoreoveTf  their  in  vitxo  experirrents  strongly  suggest  the  synthesis  of  niRe©i 
is  regulated  by  a  chrosnatin  derepression  throu^  phosphorylation  of  chrcRK>= 
soroal  proteins  by  the  protein  kinase  trar^located  to  the  mx;le\3So  These  re= 
suits  provide  the  first  evidence  \idier^y  Kh  released  from  presynaptic  neu- 
rons increases  the  capacity  of  the  nucleus  to  produce  itiRNA  for  tyrosine  hy- 
droxylase., 

interaction  of  glia  and  noradrenergic  neurons 

Drs.  Schwartz  and  Chuang  are  studying  the  regulation  of  nerve  growth 
factor  biosynthesis  in  glial  cells  o  They  are  evaluating  v^ether  the  acti- 
vation of  noradrenergic  receptors  present  on  glial  cells  are  functionally 
related  to  the  synthesis  and  release  of  nerve  growth  factor c  Their  hypo- 
thetical model  intplies  that  release  of  norepinephrine  may  iitpinge  ijpon  the 
glial  receptors  and  induce  the  synthesis  of  nerve  growth   factor  v*iich,  in 
turn,  would  itHintain  homeostasis  of  the  noradrenergic  neurons, 

Grov^a  on  High  Pressure  Liquid  Chranatography  (Leaders  J.  Meek) 

Wbrk  of  this  groi:?)  is  focussed  on  developing  sinple  high  pressure  liquid 
chromatography  (HPLC)  techniques  to  study  neurotransmitter  function.  Dr. 
Msek  developed  a  HPLC  system  that,  vMle  sirrple  and  inexpensive,  allows 
measurement  of  tryptophan,  S-hydrox/indoleacetic  acid  and  5-hydro3cytryptophan 
at  sensitivities  10-100  times  greater  than  conventional  fluorimetric  methods. 
Drs.  Neckers  and  Meek  utilized  the  HPLC  system  to  stucty  tryptophan  hydroxy- 
lase activity  and  the  modification  of  tryptojiian  hydroxylase  activity  by 
drugs  and  serotonin.  Because  of  the  sensitivity  of  the  HPLC  methods  these 
studies  can  be  performed  using  discrete  nuclei  of  brain.  They  found  that 
drugs  may  alter  serotonin  metabolism  in  various  serotonergic  pathways  un- 
equally. 
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The  Section  on  Technical  Development  is  a  group  of  engineers,  computer 
specialists,  and  technicians  which  provides  technical  services  to  the 
Intramural  Research  Programs  of  NIMH  and  NINCDS.   The  major  functions  of 
the  Section  are: 

(1)  Instrumentation  research  and  development.   Design  and  develop- 
ment of  instruments  and  instrumentation  systems  which  represent  advances 
in  the  state-of-the-art.  Most  of  the  research  within  the  Section  falls 
in  this  category,  and  is  generally  done  in  collaboration  with  investiga- 
tors in  the  laboratories  of  NIMH  amd  NINCDS. 

(2)  Production  of  custom  instrumentation.   Design  and  fcJsrication 
of  electronic,  mechanical,  and  optical  equipment  to  suit  the  particular 
needs  of  the  requesting  investigator.   These  instruments,  while  often 
quite  complex,  utilize  rather  than  advance  the  current  state-of-the-art 
in  design  techniques  suid  components. 

(3)  Computer  services.   The  Section  assists  the  investigators  in 
data  collection,  reduction,  and  cinalysis,  by  supporting  two  laboratory 
digital  computers  for  general  use,  including  real-time  on-line  applications, 
and  by  providing  programming  service  and  technical  consultation. 

Additional  services  provided  by  the  Section  include  consultation  on: 
measurement  techniques,  signal  processing;  noise  and  electro-magnetic 
interference  in  data  measurement  systems;  and  equipment  purchases.   Several 
formal  and  informal  courses  for  investigators  are  taught  by  Section  per- 
sonnel; topics  include  electrical  circuit  theory,  operational  amplifier 
applications,  digital  logic  design,  and  computer  applications. 

Due  to  manpower  limitations  and  economic  considerations,  the  Section 
is  unc±)le  to  provide  the  following  services :   repair  of  commercial  instru- 
ments, duplication  of  off-the-shelf  commercially  available  equipment,  and 
fabrication  on  non- instrument  items  (shelves,  bookcases,  etc.). 
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INSTRUMENTATION 

The  following  are  selected  instrioinantation  projects  undertaken  during 
the  past  year.   These  are  chosen  from  a  total  of  233  projects,  and  are  rep- 
resentative of  the  types  of  electronic  instruments  and  systems  developed 
by  the  Section. 

(1)  Patient  Activity  Monitoring  System.   The  Section  began  last  year, 
and  completed  this  year,  development  of  a  wearable  device  to  continuously 
monitor  the  movement  activity  of  an  ambulatory  human  subject  and  record 
the  data  in  a  solid  state  memory  internal  to  the  device.   A  piezoelectric 
accelerometer  generates  a  voltage  as  the  subject  moves;  when  the  voltage 
exceeds  a  preset  threshold,  a  pulse  is  generated.   The  pulses,  defined  as 
activity  units,  are  counted  during  a  standard  time  interval  (e.g.  15  min.). 
At  the  end  of  the  interval,  the  total  count  is  stored  in  memory,  and  a  new 
count  initiated.   The  memory  can  store  256  counts,  each  of  which  is  0-3072 
activity  units.   Thus,  if  the  counting  interval  is  15  min.,  a  64  hour  pro- 
file of  activity  can  be  stored  in  the  device.   The  counting  interval  may  be 
selected  as  3.75,  7.5,  15,  30,  or  60  min;  other  intervals  are  possible  but 
not  used  in  practice. 

More  than  twenty  monitors  are  now  in  the  field,  used  by  six 
different  research  groups .   Applications  include  research  on  manic-depres- 
sives, hyperactive  children,  drug  addicts,  subjects  on  special  nutrition 
diets >  and  restrained  monkeys.   The  parts  cost  of  each  device  is  $120.   It 
is  housed  in  a  stainless  steel  case,  1.5  x  4.1  x  6.3  cm,  and  is  attached  to 
a  limb  with  a  velcro  strap. 

Simple  interfaces  between  the  patient  activity  monitors  and  the 
Sections 's  two  PDP-11/40  computers  were  developed.  With  the  computer  handling 
the  read-out,  permanent  storage,  numerical  processing,  and  plotting  of  the 
activity  data,  the  need  for  manual  data  handling  has  been  essentially 
eliminated.   This  development  has  been  a  major  factor  in  the  success  of  the 
activity  monitoring  programs  thus  far. 

Each  group  that  is  using  the  activity  monitor  has  been  provided 
with  a  small  device  that  is  used  to  reset  the  internal  time  and  clear  the 
memory  of  each  monitor  just  prior  to  application  of  the  monitor  to  the 
patient.   With  this  device,  the  reset  and  clear  operations  can  be  made  inde- 
pendent of  the  read-out  computers. 

An  electro-mechanical  calibration  device  has  been  developed  for 
quantitative  characterization  of  each  activity  monitor's  sensitivity  to 
simulated  patient  movement.   The  speed  of  a  DC  motor  determines  the  ampli- 
tude and  frequency  of  acceleration  that  two  monitors  simultaneously  undergo. 
The  motor  speed  is  under  programmed  logical  control  so  that  acceleration 
sequences  can  be  accurately  repeated. 

(2)  Isolated  Iontophoresis  Current  Source.   The  primary  feature  of 
this  instriament  is  the  ability  to  pass  an  iontophoretic  current  between  two 
intracellular  micropipettes  while  minimizing  any  current  flow  to  ground  in 
order  to  avoid  electrical  stimulation  of  the  cell.   For  increased  versa- 
tility, the  instrument  also  includes  a  ground-referenced  current  source  and 
a  capacitance  neutralized  voltage  recording  amplifier.   This  combination 
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permits  measurement  of  cell  membrane  conductance  changes  due  to  intra- 
cellular drug  injections. 

(3)   Multi-Channel  Iontophoresis  Current  Sources.   This  instrument 
has  been  further  refined  since  its  design  last  year.   The  unique  current 
monitor  has  been  improved  to  give  an  accurate  reading  even  when  the  micro- 
pipette  becomes  partially  or  completely  blocked.   This  should  prevent  false 
negative  findings  of  drug  efficacy  and  also  permits  the  inclusion  of  an 
unbalance  current  monitor.   This  device  indicates  when  the  difference  between 
the  total  drug  current  from  the  three  pumping  channels  and  the  current  from 
the  balance  channel  exceeds  a  preset  unbalance  level.   In  addition,  the 
application  of  the  drug  current  for  each  of  the  three  channels  may  be  syn- 
chronously controlled  by  a  digital  gate  from  an  external  timing  device. 
This  facilitates  both  accurate  repetitive  drug  application  and  computer 
analysis  of  neuronal  responses. 

(4) Eye  Movement  Monitor.   An  instrument  is  being  developed  to  monitor 
horizontal  eye  position  in  monkeys.  A  beam  of  infrared  light  from  a  gallium 
arsenide  diode  is  directed  toward  the  center  of  the  cornea.   The  reflected 
light  is  sensed  by  two  matched  phototransistors  positioned  on  either  side  of 
the  cornea  and  directed  toward  the  center  of  the  eye  over  the  iris-cornea 
boundary.   As  the  eye  turns,  the  bulge  of  the  cornea  causes  a  variation  in 
the  amount  of  infrared  light  reflected  to  the  two  phototransistors.   The 
transistors  convert  light  intensity  to  voltages  which  are  differentially 
amplified  to  produce  an  output  voltage  representative  of  horizontal  eye 
position.   The  three  opto-electronic  devices  are  rigidly  mounted  on  the  rim 
of  a  machined  circle,  of  nylon  fitted  to  an  aliominxim  framework,  which  allows 
the  nylon  eyepiece  to  be  adjusted  in  three  axes  by  means  of  small  rack  and 
pinion  gears.   In  addition,  the  eyepiece  can  be  rotated  about  its  vertical 
axis  and  tilted  toward  or  away  from  the  eye.  With  these  mechanical  adjust- 
ments the  electronics  can  be  arranged  for  optimum  linearity,  balance  and 
gain.  At  this  time,  the  system  is  adequate  for  observing  eye.  movements  in 
hxjman  subj'ects.   Although  the  skull  shape  and  disposition  of  monkeys  is 
somewhat  different,  the  outlook  for  adapting  the  device  to  vision  research 
in  monkeys  is  quite  promising. 

(5)   Measurement  of  Activity  of  Confined  Animals.   During  the  past  year, 
the  Section  took  on  four  separate  projects  to  measure  the  movement  activity 
of  animals  in  various  confined  situations . 

(a)   Rat  Activity  Monitoring  Cage.   A  unique  type  of  cage  is  being 
developed  to  monitor  the  movement  of  unrestrained  rats.   The  30  x  30  cm  floor 
is  divided  into  nine  areas,  each  10  x  10  cm,  constructed  of  electrically 
isolated  metal  grids .   An  audio  frequency  system  employing  solid-state 
switching  and  capacitive  coupling  detects  when  the  animal  is  contacting  two 
or  more  grids  simultaneously,  and  determines  which  grids  they  are.   Thus 
patterns  of  movement  can  be  determined.   A  tenth  grid  around  the  sides  of 
the  cage,  at  an  appropriate  height,  allows  detection  of  when  and  where  the 
animal  rears.   In  addition,  the  cage  floor  is  mounted  on  shock  absorbers 
and  equipped  with  accelerometers ,  as  an  additional  measure  of  motion.   Data 
will  be  processed  and  recorded  using  a  microprocessor  system. 
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(b)  Activity  Monitor  for  Restrained  Rat.   In  order  to  detect 
movement  of  a  rat  which  is  restrained  by  confinement  in  a  very  small  volume, 
a  capacitive  system  was  developed.   Parallel  metallic  strips  on  the  bottom 
of  the  cage  form  a  capacitor,  for  which  the  rat  is  part  of  the  dielectric. 
As  the  rat  moves ,  the  capacitance  changes ,  thereby  modulating  the  frequency 
of  an  oscillator.   The  frequency  change  is  demodulated  using  a  phase-locked 
loop,  and  the  output  voltage  is  proportional  to  movement.   Common  movement 
of  both  rat  and  cage  is  rejected  by  this  system. 

(c)  Rat  Rotameter.   The  clockwise  and  counter-clockwise  rotations 
of  a  rat  responding  to  drug  treatment  are  measured  by  harnessing  the  animal 
to  an  overhead  rotating  connector  which  permits  relatively  free  movement. 

CW  and  CCW  rotations  are  measured  via  photo-isolators ,  the  total  count  is 
stored  for  a  certain  time  interval,  and  the  total  interval  count  is  con- 
verted to  analog  signal  for  output  to  a  strip-chart  recorder. 

(d)  Activity  of  Monkeys  in  Restraining  Chairs.   A  preliminary 
study  of  the  patterns  of  activity  of  monkeys  confined  in  restraining  chairs 
is  being  carried  out  by  simply  affixing  a  Patient  Activity  Monitor  to  the 
monkey ' s  head  and  reading  the  activity  data  every  two  days .   The  system 
ultimately  to  be  developed  will  involve  simultaneous  on-line  monitoring  of 
activity  and  internal  temperature,  with  data  logging  controlled  by  a 
microprocessor . 

(6)  Microprocessor  Applications.  A  program  to  explore  LSI  technology 
in  the  foinni  of  microprocessors  was  undertaken  to  evaluate  the  possibility 
of  applying  the  processing  and  control  capabilities  of  these  relatively 
inexpensive  devices  toward  the  types  of  instrumentation  designed  by  this 
Section.  A  survey  in  the  form  of  literature  reviews  and  manufacturers 
seminars  on  microprocessor  specifications,  techniques  and  applications,  led 
to  the  purchase  of  a  microprocessor  for  evaluation.   Results  of  the  eval- 
uation demonstrated  numerous  potential  applications  in  the  areas  of  interest. 

Two  typical  examples  are: 

(a)  Data  Acquisition  System.   A  Microprocessor  based  system 
for  continuous  monitoring  of  activity  from  16  rat  exercise  wheels  was 
developed.  One  full  rotation  of  a  wheel  sets  an  appropriate  flag  bit;  every 
ten  seconds  the  microprocessor  scans  all  16  flag  bits  and  stores  the  data 

on  a  digital  tape  cassette.   Data  analysis  of  the  activity  patterns  is  done 
off-line  on  the  Section's  PDP-11/40  computer. 

(b)  Preprocessor  for  Movement  Detector.   A  microprocessor  will 
be  used  to  preprocess  and  record  the  data  from  the  Rat  Activity  Monitoring 
Cage  described  previously.   The  microprocessor  will  determine  when  the 
animal  moves  from  one  grid  to  another,  and  will  record  these  events,  along 
with  integrated  cage  floor  acceleration  data,  on  a  digital  tape  cassette. 

(7)  Condition  Timer.   A  programmable  timer  was  designed  and  constructed 
for  an  ongoing  study  of  mother-child  learning  behavior.   The  device  is 

used  to  time  sequences  of  experimental  conditions  with  a  short  "time-out" 
interval  between  conditions.   The  instrument  allows  the  control  of  two 
experimental  modes;  the  interval  of  time  in  either  mode  is  selectable 
between  1  and  9,999  seconds.  A  four  digit  display  shows  the  time  remaining 
in  the  present  mode.   Between  modes  a  "time-out"  interval  is  also  selectable 
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between  0  and.  9  seconds.   Bight  mode  select  switches  allow  the  instrument 
to  be  prft-prograromed  for  a,n   experimental  session  =   The  instrument  provides 
a  complete  manual  control  if  desired. 

(8)  .aj" -11  Interface  Panels.   Two  interface  panels  were  built  for  the 
PDP-11/10  computers  to  allow  extended  use  of  the  computer's  A  to  D,  D  to  A, 
and  scope  control  capabilities »   The  interface  allows  the  user  easy  access 
to  the  16  channels  of  A  to  D  provided  by  the  AR-11,  and  also  allows  the  use 
of  some  of  the  digital  control  lines  tJiat  are  available  for  interfacing  to 
certain  di5=play  scopes.   In  addition,  the  interface  includes  a  multi-use 
Schmitt-trigger,  and  circuitry  necessary  to  modify  the  output  control 
signals  for  use  with  existing  displays. 

(9)  Isolated  Current  Monitor.   An  inexpensive  current  monitor  has  been 
developed  which  provides  an  output  voltage  proportional  to  but  isolated  from 
the  input  current.   Photodiode  optical  isolators  function  in  pairs  to  achieve 
the  isolation  and  to  compensate  for  the  inherent  non-linearities  of  current 
transfer  in  the  isolators.  When  used  in  the  return  path  of  a  "floating" 
iontophoresis  system,  the  device  maintains  isolation  between  the  ionto- 
phoretic  current  and  the  system  recording  cell  resixsnses,  while  providing 

a  measure  of  the  stimulating  current.   The  instrximent  measures  from  .5nA 
to  5yA  of  current  of  either  polarity  in  a  bandwidtJti  of  DC  to  20  KHz. 

(10)  Psychological  Testing  Apparatus.   Special  8x8  cm.  transparent 
panel  switches  were  designed  to  mount  in  front  of  £i  computer  graphic  display 
terminal  on  which  stimuli  are  presented.   The  treuisiparent  panels,  which  are 
inlaid  in  a  larger  opaque  panel  covering  the  terminal,  are  mounted  such  that 
when  depressed,  they  activate  photo-optical  circuiizs  interfaced  to  the 
computer.  A  different  computer  generated  figure  o::  shape  is  displayed 
behind  each  transparent  panel.   The  subject  makes  a  selection  by  depressing 
one  switch?  if  the  appropriate  selection  is  made,  n   reward  is  dispensed 

by  program  control  into  a  small  container  at  the  top  of  the  display  panel. 

(11)  Respiration  Monitor.   A  respiration  monitor  for  saonkeys  under- 
going brain  surgery  was  designed  and  constructed  utilizing  a  thermistor 
bridge  and  A-C  coupled  operational  cimplifiers.   Variable  gain  allows  use 
for  adult  or  infant  animals.   The  principal  output  is  a  meter  movement 
allowing  qualitative  assessment  pf  the  depth  of  breathing;  however,  alarm 
circuitry  is  included  which  provides  an  audio  alert  if  a  selected  time 
interval  elapses  without  respiration  detection. 

(12)  Revolving  Disc  and  Drive  System.  A  40  c;m.  diameter  high  inertia 
revolving  disc  was  constructed  to  be  used  in  the  situdy  of  cells  that  respond 
to  acceleration.  A  motor  with  sufficient  torque  and  speed  and  a  motor  con- 
troller were  purchased  to  drive  the  turntable.   The  controller  was  modified 
to  provide  a  range  of  smooth  accelerations  and  decelerations  of  tiie  disc 

as  well  as  an  adjustable  steady  state  speed. 
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COMPUTER  SERVICES 

In  FY  1975,  the  Section  on  Technical  Development  initiated  a  survey 
of  the  computer  needs  of  the  Intramural  Program  and  developed  a  plan  for  a 
modified  distributed  network  consisting  of  small,  inexpensive  satellite 
computers  in  the  laboratories  supported  by  larger  host  computers  in  the 
major  work  areas.   This  year  saw  the  delivery  and  installation  of  support 
computers  in  Buildings  10  and  36,  and  in  the  Animal  Center  in  Poolesville, 
In  addition,  eight  small  computers  were  delivered  to  individual  laboratories. 
The  support  computers  in  Buildings  10  and  36  are  run  by  the  Section,  while 
the  computer  in  Poolesville  is  run  by  the  Laboratory  of  Brain  Evolution  and 
Behavior,  with  software  support  from  STD.   The  Section  oversaw  the  install- 
ation and  initial  running  of  the  satellites. 

Much  of  the  programming  effort  was  devoted  to  the  development  of 
general  purpose  routines  specific  to  the  needs  of  the  Intramural  Program 
and  to  study  of  the  operating  system  and  its  utilization  for  neurophysio- 
logical  and  psychological  applications.   Assistance  was  provided  to  indi- 
vidual investigators  for  their  specific  applications .   Examples  are  a 
high-speed  digitization  routine  for  subsequent  analysis  of  the  shape  of 
evoked  potentials  and  a  remote  installation  for  recording  potential  changes 
in  the  retina  after  light  stimulation. 

The  installation  and  implementation  of  the  new  system  has  proceeded 
on  schedule.   The  fi:.nctions  of  the  SEL  810B  have  been  replaced  and  the  use 
of  that  system  will  be  terminated  May  1,  1976.   The  microLINC  300  and 
PDP-12  have  been  transferred  from  the   Section  to  perform  dedicated  appli- 
cations in  other  laboratories. 

STD  offered  three  introductory  courses  in  minicomputer  structure, 
PDP-11  architecture  and  programming,  and  in  the  use  of  the  operating  system, 
RT-11.   These  course is  were  conducted  in  lieu  of  the  courses  offered,  for  a 
fee,  by  the  manuf acll:urers ,  and  were  specifically  tailored  for  the  user's 
systems.   In  additicon,  STD  offers  follow-up  advice  and  consultation,  services 
not  offered  by  the  I'tianufacturer .   EJTD  also  offers  personalized  instructions 
for  individuals  beg:Lnning  to  use  tJie  computers,  and  short  courses  in  pro- 
gramming languages  i:o  small  groups.   STD  personnel  are  available  for  advice 
and  consultation  at ■ all  times  to  the  users . 

The  Section  conducted  systems  studies  for  a  number  of  individual 
laboratories ,  surveying  their  computer  needs  and  offering  a  proposal  for  the 
procurer.ient  of  an  appropriate  system.   As  a  result  of  these  studies,  2 
additional  satellitejs  have  been  ordered  in  NIMH  and  a  computer  system  for 
the  analysis  of  autoradiographs  of  brain  sections  has  been  ordered  for  the 
Labora.tory  of  Cerebral  Metabolism.   Pending  available  funds,  the  Behavioral 
Biolocjy  Branch  of  NICHD  will  purchase  a  satellite  and  the  Division  of  Special 
Mental  Health  Resefirch  at  St.  Elizabeth's  will  purchase  a  support  computer. 
STD  also  assisted  che  uisers  of  the  satellites  in  determining  the  appropriate 
periphfirals  and  scientific  interfaces  necessary  for  their  experiments. 
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STD  has  been  exp.loring  the  feasibility  of  usi.ng  low  costf  microcomputers 
as  laboratory  instrtmeats .  We  simulated  a  prototype  system  on  a  support 
computer  to  read  and  store  data  from  the  Patient  Activity  Monitors  for 
future  analysis f  resulting  in  the   design  and  procurement  of  a  microcomputer 
configuration  for  this  purpose.   STD  is  also  conducting  a  study  for  the 
feasibility  of  low  cost  data  acquisition  systems  for  physiological  data. 
Applications  utilizing  microcomputers  and  microprocessors  are  being  eval- 
uated by  STD  to  see  which  will  bs  more  advantageous  for  specific  applica- 
tions.  The  Section  is  deeply  involved  in  all  areas  utilizing  the  computer 
as  a  laboratory  instrument  and  provides  technical  support  and  assistance 
in  all  phases  of  development: 
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ENGINEERING,  COMPUTER  and  FABRICATION  SERVICES 

This  table  shows  the  distribution  of  the  Section's  workload  among  the 
various  laboratories . 


LABORATORY  OR  BRANCH 


HOURS 


PERCENT 


Adult  Psychiatry  Branch,  NIMH 3150 

Neurophysiology,  NINCDS  ---------------- 

Biophysics,  NINCDS   ------------------ 

Behavioral  Biology,  NICHD  --------------- 

Neurophysiology,  NIMH  ----------------- 

Psychology  s  Psychopathology ,  NIMH  ---------- 

Special  Mental  Health  Research,  St.  E's,  NIMH  ----- 

Clinical  Science, NIMH   ---------------- 

Brain  Evolution  &  Behavior,  NIMH  ----------- 

Developmental  Psychology,  NIMH  ------------ 

Molecular  Biology,  NINCDS  --------------- 

Equal  Employment  Opportunity,  NIMH  ---------- 

Neuro-Otolaryngology,  NINCDS   ------------- 

Neuropharmacology,  NINCDS  --------------- 

Neurobiology,  NIMH  ------------------ 

Neurochemistry ,  NINCDS   ---------------- 

Neuropathology  &  Neuroanatomical  Sciences,  NINCDS  -  -  - 
Neurochemistiry ,  NIMH  ----------------- 

Cerebral  Metabolism,  NIMH  --------------- 

Experimental  Neurology,  NINCDS   ------------ 

General  &  Comparative  Biochemistry,  NIMH  ------- 

Medical  Neurology,  NINCDS  --------------- 

Intramural  Research  Program,  NINCDS  ---------- 

Neuro-Immunology,  NINCDS   --------------- 

Surgical  Neurology,  NINCDS  -------------- 


3150 

13.15 

2770 

10.92 

1882 

7.50 

1839 

7.27 

1698 

7.08 

1614 

6.73 

1567 

6.53 

1501 

6.26 

1488 

6.20 

1386 

5.68 

1063 

4.43 

965 

4.02 

749 

3.01 

623 

2.60 

488 

2.03 

445 

1.85 

264 

1.10 

246 

1.02 

239 

.99 

168 

.70 

166 

.69 

126 

.53 

122 

.508 

45 

.0018 

34 

.0014 

NIMH  (Total)* 
NINCDS  (Total)* 
NICHD  (Total)** 


16,858  58.86 
9,648  33.68 
2,137        7.46 


TOTAL  28,643      100.00 

*These  figures  include  administrative  time  not  shown  in  the  above  listing. 

#NICHD  loans  the  Section  one  position,  and  is  thus  entitled  to  2000  hours 
of  service. 
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